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II. RELATION BETWEEN REDUCED AND OXIDIZED GLUTATHIONE 
AND THE OXYGEN CONTENT AND CAPACITY OF BLOOD 
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The exact nature and function of glutathione in the circulating 


CORRECTION 


On page 274, Vol. 110, No. 2, July, 1935, ‘‘Discussion,’’ line 15, read 
2:1 mole ratio for 1 : 1 mole ratio. 


of COs. and O2 under varying partial pressures, and consequently 
concluded that the Oz tension had little or no influence upon the 
conversion of the sulfhydryl to the disulfide form. On the other 
hand, Turner (3) observed that when blood was saturated with 
pure CO. the reduced glutathione was 40 to 55 per cent greater 
than when it was saturated with air. He was able to produce oxi- 
dation and reduction of the glutathione in the same sample by 
alternate use of these gases (carbon dioxide and air) without caus- 
ing a permanent alteration in the glutathione. 

Evidence has also been offered which indicates some relationship 
between total glutathione and hemoglobin. Litarezek, Aubert, 
Cosmulesco, and Nestoresco (4), after successive daily bleedings 
from rabbits, found an increase in the glutathione content per unit 
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The exact nature and function of glutathione in the circulating 
blood is still undetermined. It is, however, well known that glu- 
tathione can be oxidized partially or completely in vitro by means 
of hydrogen peroxide, and can be reduced completely with nascent 
hydrogen (1). It is not clear whether similar oxidations and 
reductions are developed in vivo by variations in oxygen saturation, 
nor whether any relation exists between glutathione and the hemo- 
globin of the blood. 

Schelling (1) found no consistent difference in the glutathione 
content of venous and arterial blood from dogs and concluded that 
the observed variations depend on factors other than oxidation. 
Gabbe (2) demonstrated that the reduced glutathione content 
remained constant when drawn blood was saturated with mixtures 
of CO. and O, under varying partial pressures, and consequently 
concluded that the Oz tension had little or no influence upon the 
conversion of the sulfhydryl to the disulfide form. On the other 
hand, Turner (3) observed that when blood was saturated with 
pure CO, the reduced glutathione was 40 to 55 per cent greater 
than when it was saturated with air. He was able to produce oxi- 
dation and reduction of the glutathione in the same sample by 
alternate use of these gases (carbon dioxide and air) without caus- 
ing a permanent alteration in the glutathione. 

Evidence has also been offered which indicates some relationship 
between total glutathione and hemoglobin. Litarezek, Aubert, 
Cosmulesco, and Nestoresco (4), after successive daily bleedings 
from rabbits, found an increase in the glutathione content per unit 
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2 Studies in Glutathione. II 


volume of red blood cells associated with the decrease in cell 
volume. They believe that glutathione and hemoglobin function 
synergistically in controlling the oxidation-reduction processes 
within the cells. Moreover, Gabbe (2) and Bach and Bach (5) 
have shown that, in phenylhydrazine poisoning and in pernicious 
anemia, the glutathione content of the blood is increased per unit 
volume of cells. 

Delrue and Vischer (6) found that dogs maintained on a moun- 
tain at the 3400 meter level for 2 or 3 days developed an increase in 
blood glutathione considerably greater than could be accounted 
for by the increase in red corpuscles. Gabbe (2) also reported 
that the blood glutathione is higher in individuals dwelling on 
mountains than in those living on low lands. He (7) has also 
shown that blood glutathione is increased in humans who are 
placed in an atmosphere containing a reduced partial pressure of 
oxygen. In both instances it appears that the rise in glutathione 
is associated with an increase in the number of red blood cells. <A 
similar association was found by Anselmino and Hoffmann (8) in 
cord blood. 

In general it seems that the proportions of oxidized and reduced 
glutathione in systemic blood are not affected by variations in 
oxygen saturation, but that under normal conditions the concen- 
tration of total glutathione is proportional to the cell volume. 
Several observers, however, agree that the concentration of gluta- 
thione per unit volume of cells is increased whenever there is any 
interference with oxygen transportation by the blood. 

Since various agents can alter the proportions of the oxidized 
and the reduced forms of glutathione in vitro, it was thought that 
different degrees of oxygen saturation of the blood induced in 
vivo by physiologic or pathologic conditions might show compara- 
ble changes. 


Procedure 


The values obtained from studies of the blood of the 66 women 
described in Paper I of this series (9) were plotted in a scatter dia- 
gram (Fig. 1) to determine any possible relationship between the 
percentage oxygen saturation of the blood and the percentage of 
glutathione in the unreduced (oxidized) form. All values from 
the various groups were utilized, thus presenting a wide range of 
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oxygen saturation percentages. The oxygen saturation was deter- 
mined from the formula (oxygen content X 100) /oxygen capacity, 
and the per cent of unreduced (oxidized) glutathione from the 
formula ((total glutathione — reduced glutathione)/total gluta- 
thione) X 100. Total glutathione is the sum of the reduced and 
the oxidized forms, the greater portion being present in the reduced 
state. 

Further to test the relationship between oxygen saturation and 
the ratio of oxidized and reduced glutathione, blood to which an 
anticoagulant! had been added was covered with oil and paraffin, 
and allowed to stand in an incubator at 38° for as long as 72 hours. 
Frequent analyses of total and reduced glutathione and oxygen 
content were made by the methods previously noted (9). Usually, 
a second determination was made on a sample of the same blood 
which had been aerated initially but otherwise had been treated in 
identical fashion. It was thought advisable to use as a duplicate a 
blood with a different initial oxygen saturation, since oxygen 
eradually disappears during incubation. 

Finally, experiments were made on drawn blood which was 
divided into two equal portions, placed in suitable test-tubes, and 
incubated for 2 hours at 38°. One portion was aerated continu- 
ously during the incubation, while the other was not aerated. A 
plug of glass wool was inserted in the mouth of the aerated tube to 
reduce the loss of moisture from the blood, and a drop of caprylic 
alcohol was added to prevent foaming. Similar experiments were 
made at 20°. 


Results 


The scatter diagram (Fig. 1) indicates no direct relation between 
the degree of oxygen saturation and the percentage of unreduced 
glutathione, the percentage of which was quite variable in the 
circulating blood at any given oxygen saturation, but never ex- 
ceeded 30 per cent of the total, although the oxygen saturation 
rose as high as 83 per cent. 

The results of the study of the glutathione and oxygen contents 
of blood protected from air by oil and paraffin, and incubated at 


1The anticoagulant was heparin. In one instance the blood was de- 
fibrinated. Sterile technique was used in drawing the blood and during the 
incubation. 
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4 Studies in Glutathione. II 


38°, are presented in Table I. The total and reduced glutathione 
and the oxygen content of the blood decrease slowly until nearly 
depleted, whether or not the blood has been aerated initially. The 
rate of diminution is approximately the same in either case. It is 
also apparent that the degree of oxygen saturation of drawn blood 
is without effect upon the percentage of unreduced (oxidized) glu- 
tathione. In certain instances, the percentage of unreduced glu- 
tathione is increased, but not uniformly, while the oxygen satura- 
tion decreases, which is the opposite of what might have been 
anticipated. 

The relation of the unreduced glutathione in the blood after 
aeration for 2 hours at 38° and at 20° to that of the non-aerated 
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PER CENT OXYGEN SATURATION 
Fic. 1. Seatter diagram which shows that there is no apparent correla- 
tion between the percentage of oxygen saturation and the percentage of 
reduced or oxidized glutathione in venous blood. 


sample (Table IL) is variable. Aeration does not consistently 
alter the proportions of the oxidized and reduced forms of gluta- 
thione, and in certain instances there is no significant change. 

These experiments indicate that the degree of oxygen saturation 
is without effect upon the relation of oxidized to reduced gluta- 
thione in blood and thus support the contentions of Schelling (1) 
and Gabbe (2). 

Data on the relation between total glutathione and oxygen 
capacity or hemoglobin? are not tabulated because they are of no 
particular significance. In general, the higher total glutathione 
values in whole blood are associated with higher oxygen capacities, 
as is especially noted in umbilical cord blood. Although the gluta- 


2 Oxygen capacity X 0.746 = hemoglobin (gm.per 100 ec. of blood). 
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TABLE I 


Diminution of Glutathione and Oxygen Content in Aerated and Non-Aerated 
Blood at 38° with Heparin As Anticoagulant 

This table shows that the degree of oxygen saturation of drawn human 
blood incubated as long as 72 hours is apparently without specific effect 
upon the percentage of unreduced (oxidized) glutathione. The per cent of 
unreduced glutathione increases in certain instances, but not uniformly, 
with the decrease in oxygen saturation, which is the opposite of what might 
be expected. 


Blood not aerated Blood aerated in sterile flask 
Glutathione Oxygen Glutathione Oxygen 
mg. mg. vol. mg. mg. vol. 
wre | | | | | come | | | come | | com 
1* 0 30.9) 35.9 13.9/11.7 61.5) 26.5) 34.4} 23.0) 19.0/100.0 
6 30.9} 35.6) 13.2)10.7 | 56.3) 22.8) 33.7) 32.4) 17.5) 92.1 
12 28.2) 34.2) 17.5)10.0 | 52.6} 21.9) 32.3) 32.2) 15.5) 81.5 
24 | 12.8] 20.8] 38.4] 40.0] 14.2) 20.8) 31.7] 13.0! 68.4 
48 6.1) 14.2) 57.0) 5.5f| 28.9 
2 0 37.9} 46.5} 18.5)13.9 | 69.1) 36.0) 46.3) 22.2) 20.1/100.0 
37.0} 46.3} 20.1/12.6 | 62.6) 37.6) 46.6; 19.3) 16.7) 83.0 
12 41.1} 45.8) 10.510.9 | 54.2) 37.4) 41.1} 9.0) 14.8) 73.6 
24 15.4) 16.8) 8.3) 9.1 | 45.2); 11.1) 16.3) 31.4) 11.9) 59.2 
3 0 48.3) 48.9} 1.2) 5.45) 27.2) 37.4) 41.1) 9.0) 16.5)100.0 
4 36.2) 38.2) 5.2 33.9} 38.2) 11.3) 15.5) 93.9 
8 33.4) 37.6) 11.2 32.8) 37.0} 11.4) 15.3) 92.8 
12 33.8) 36.8) 8.2 
16 30.7) 32.5) 5.5 
24 16.7; 20.6) 18.9) 5.00; 25.0; 20.7; 28.8) 28.0) 13.7) 83.0 
48 5.5} 14.0} 60.6) 3.85) 19.2 
72 4.3} 13.5) 68.0} 2.78) 13.9, 
4t 0 47.8 57.3) 16.6) 6.85) 43.5) 27.1) 31.3) 13.4) 15.6)100.0 
2 26.8} 27.3) 1.8) 14.5) 93.0 
6 40.9} 43.9) 6.7) 5.65) 35.9) 26.5) 30.0} 11.7) 14.1) 90.2 
24 21.8) 26.5) 17.7 16.8) 25.3) 33.6) 13.4) 85.8 
48 12.9} 19.1) 32.4) 3.50; 22.2) 10.8) 18.8) 42.5) 12.2) 78.1 
72 9.2} 14.2) 35.2) 1.60) 10.2 4.9 10.8} 54.6 3.9) 25.0 


* Identical samples from the same blood specimen were used in the 
aeration and non-aeration Experiments 1 and 2, but not in Experiments 3 
and 4, 

t+ Agar culture plates showed some bacterial contamination in the tube 
after incubation. 

t No heparin was used in the aerated blood, which was defibrinated in a 
sterile flask. 
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thione concentrations in maternal and cord blood are quite differ- 
ent, the amount per unit volume of blood cells is the same. 
During labor, there is a slight increase in the total glutathione, 
associated with an increase in oxygen capacity and blood cell 
volume. However, a high blood cell volume and hemoglobin 
content may occasionally appear with a low blood glutathione 
content and present a difficult problem for interpretation. 


TABLE II 


Effect of Continuous Aeration of Blood for 2 Hours on Concentration of 
Unreduced Glutathione 


Clutathione 
Incubation| 
— Blood incubated, not aerated Blood 
Reduced Total Unreduced| Reduced Total Unreduced 
°C. per cent per cent 
38 1 21.8 24.1 19.5 22.4 28.2 20.5 
2 23.9 26.7 10.5 23.0 24.2 4.6 
3 34.4 38.0 9.5 31.3 37.4 16.3 
4 27.9 32.3 13.6 30.1 31.9 5.6 
5 ai .2 35.1 22.5 24.6 35.2 30.1 
20 1 31.3 37.4 16.3 30.7 38.6 20.4 
2 25.7 32.2 20) .2 25.5 32.5 21.5 
3 34.5 40.3 14.4 35.5 40.8 13.0 
4 30.0 36.5 17.8 31.1 35.0 11.1 
5 38.0 42.3 10.1 38.9 41.0 5.1 


Continuous aeration of blood either at 38° or at 20° does not have a direct 
effect upon the proportions of oxidized and reduced glutathione. 


SUMMARY 


1. No apparent correlation was found between the percentage 
of oxygen saturation and the percentage of reduced or oxidized 
glutathione in venous human blood. 

2. The total and reduced glutathione as well as the oxygen con- 
tent of blood, which was incubated for as long as 72 hours at 38°, 
decreased slowly until nearly depleted, whether or not it was 
aerated. No uniform variation in the relation of the oxidized to 
the reduced glutathione was observed during the gradual decrease 
in oxygen content. 
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3. No consistent variation in the percentage of unreduced gluta- 
thione was found in blood after aeration for 2 hours at 38° or at 
20°. 

4. In general, the higher total glutathione values in whole blood 
were associated with the higher cell volumes and oxygen capacities. 
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By FRED W. OBERST 


(From the Department of Obstetrics and Gynecology, College of Medicine, State 
University of Iowa, Iowa City) 


(Received for publication, April 8, 1935) 


In a previous study (1) it was observed that the quantity of 
glutathione in whole blood incubated at 38° might decrease as 
much as 50 per cent over a 24 hour period. The present investiga- 
tion was designed to furnish further information concerning this 
phenomenon, and if possible, to elucidate the mechanism involved 
by determining the behavior of glutathione added to various solu- 
tions and to certain biological fluids. 

Hopkins (2) noted in 1929 that glutathione is decomposed by 
boiling in water. Kendall, Mason, and McKenzie (3) found that 
glutathione dissolved in water and incubated at 37° for 14 days 
split into pyrrolidonecarboxylic acid and cysteinylglycine, and (4) 
that this cleavage is complete after 120 hours at 62°. 


Methods and Materials 


Determinations of total and reduced glutathione were made by 
the method of Woodward and Fry (5). Constant temperature 
was maintained in an incubator. 

After the addition of glutathione to a test solution, a portion was 
analyzed immediately and the remainder after 20 hours incuba- 
tion at 38°. When the second analysis showed a partial disap- 
pearance of glutathione, another experiment was run with deter- 
minations of total and reduced glutathione repeated at stated 
intervals during the early hours of incubation until no further 
significant decrease was detected. 

The glutathione, casein, and the deashed gelatin were of the 
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highest quality obtainable,! while the other chemicals employed 
were of established purity. The albumin and globulin were pre- 
pared specially in the laboratory. 

Total proteins were precipitated from the urine of a patient with 
chronic nephritis complicating pregnancy through the addition of 
acetone at —10°, and were made lipid-free by extraction with ether 
in a Soxhlet extractor for 24 hours. After solution in distilled 
water, the protein fractions were precipitated with ammonium 
sulfate. The two fractions were then dissolved in distilled water 
and the salt removed by dialysis against tap water and finally 
against distilled water, until the dialysate was free of ammonia 
and sulfate. The proteins were reprecipitated with acetone at 
—10°, collected on filter paper, washed with cold alcohol and ether, 
and dried. 

The blood cells were separated from plasma by centrifuging and 
decanting the plasma, and were washed twice with equal volumes 
of isotonic sodium chloride solution. Finally the cells were sus- 
pended in isotonic sodium chloride solution, the volume of which 
equaled that of the plasma removed. Hemolysis was induced in 
a portion of the cells by freezing the suspension and then warming 
it rapidly to room temperature. 

It was necessary to add a few drops of weak alkali to effect 
complete solution of globulin and casein. The other proteins were 
easily soluble in distilled water. 

Sérensen’s phosphate buffer mixtures having pH values of 5.8, 
7.4, and 8.2 were used to determine the effect of variations in the 
hydrogen ion concentration. 


Results 


Glutathione added to distilled water or to water solutions of 
the following substances did not show any significant loss after 
incubation for 20 hours at 38°: glycine, tyrosine (slightly alkaline 
solution), histidine hydrochloride, urea (3 per cent), uric acid 
(saturated), various acids (5 per cent), glucose (2 per cent), urine 
(protein-free). 


1 The casein and a portion of the glutathione were obtained from the 
Pfanstiehl Chemical Company. The remainder of the glutathione was 
furnished by Dr. Carl Voegtlin. The deashed gelatin was purchased from 
the Eastman Kodak Company. 
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On the other hand, glutathione disappeared under similar condi- 
tions when added to water solutions of the following substances 
which themselves gave practically negative tests for glutathione: 
urinary albumin (4.5 per cent), egg albumin (3 per cent), urinary 
globulin (1 per cent), casein (2 per cent), gelatin (5 per cent), hepa- 
rin (1 per cent), blood serum, aqueous humor, vitreous humor, 
Bacto-Peptone. 

From these preliminary tests it became evident that the disap- 
pearance of glutathione was expedited by the presence of various 


TABLE I 


Glutathione Content of Whole Blood and of Hemolyzed Blood during Incubation 
at 38° with and without Added Glutathione 


Glutathione in hemolyzed blood 


Glutathione in whole blood (by feecaina) 


Time of 
incuba- | Without added With 58.65 me. Without added | With 53.5 mg. 
per cent glutathione : per cent gluta- 
tion glutathione added glutathione thione added 


Reduced Total Reduced Total Reduced! Total Reduced! Total 


mq. mg. mq. mg. mg. mq. mq. mg. 
per cent per cent per cent per cent | percent | per cent | per cent | per cent 


0 33.7 40.0 79.7 93.5 30.7 | 40.0 | 75.8 | 93.5 


15 62.8 70.6 23.5 | 29.1 | 62.8 | 73.6 
30 49.1 58.3 19.9 | 23.5 | 50.6 | 64.4 
60 36.8 53.6 15.3 | 21.4 | 36.8 | 50.6 
90 36.8 44.5 13.8 | 16.9 | 32.2 | 40.0 
120 39.3 46.0 10.7 | 16.9 | 21.4 | 35.3 
180 33.7 44.5 10.7 | 16.9 | 13.8 | 26.0 


300 35.4 40.0 33.7 44.5 7.7 | 12.3 | 11.0 | 23.0 
1200 21.4 27.6 16.9 32.2 4.6 Yi 6.1 | 13.8 


proteins. Further experiments were undertaken to confirm this 
observation. 

Whole Blood—Glutathione is normally present in the cells but 
not in the plasma of whole blood. Incubation of whole blood for 
as long as 6 or 8 hours does not appreciably decrease its glutathione 
content (Table I). On the other hand, when glutathione is added 
to whole blood, and the solution incubated, the concentration of 
glutathione diminishes rapidly and after 2 or 3 hours reaches a 
nearly constant level. 

The addition of hemolytic agents, such as CuSOQ,, AgNQs, 
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NaCN, Pb(Ac)2, ether-toluene, saponin, and alkali, to whole blood 
produced rapid diminution of the glutathione normally present. 
A similar rapid disappearance of both the reduced and the total 
glutathione occurred in whole blood which had been hemolyzed 
by freezing and then warming rapidly to the incubation tempera- 
ture, a nearly constant level being reached in 4 to 5 hours (Ta- 
ble I). When glutathione was added to such hemolyzed blood, 
the concentrations of both the total and the reduced fractions 
rapidly approached the same general level. 

Blood Cells—The rate of disappearance of the total and slbaiei 
glutathione normally present in cells nearly plasma-free and sus- 


TABLE II 


Glutathione Content of Plasma-Free Normal and Hemolyzed Cells Suspended 
in Isotonic NaCl Incubated at 38° with and without Added Glutathione 


Glutathione in normal cells Glutathione in hemolyzed cells 
ne a Without added With added Without added With added 
tion glutathione glutathione glutathione glutathione 


Reduced Total Reduced Total Reduced| Total | Reduced! Total 


mg. mg mg. mg. mg. mg. mg. mg. 
per cent per cent per cent per cent | percent | percent | percent | per cent 


0 32.3 39.3 111.8 | 119.5 | 32.3 | 35.3 | 116.4 | 127.0 
30 32.3 35.3 105.5 | 111.9 | 32.3 | 35.3 | 113.2 | 121.0 
75 32.3 35.3 87.5 | 102.5 | 32.3 | 35.3 | 107.2 | 115.0 

4 29.1 | 32.3 93.5 | 104.0 
420 27 .6 30.7 21.4 50.6 | 21.4 | 27.6 73.6 | 81.3 
9.2 9.2 15.3 | 15.3 | 16.9 | 46.0; 55.2 


pended in isotonic sodium chloride solution was very slow and 
approximated that noted in whole blood (Table II). A similar 
slow rate of disappearance was noted when hemolyzed cells were 
suspended in isotonic sodium chloride solution (Table II), in con- 
trast to its rapid disappearance from hemolyzed whole blood 
(Table I). Glutathione added to a saline solution suspension of 
washed cells or of hemolyzed cells disappears much more slowly 
than it does from normal or hemolyzed whole blood. 

Blood Serum—Blood serum normally contains no glutathione. 
However, if glutathione is added, it disappears quite rapidly 
during incubation (Tables III and IV). The rate of disappearance 
ean be decreased by diluting the serum with water (Table IIT) 
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and can be increased by adding larger amounts of glutathione 


(Table IV). 


In general the curves representing values of total 


and reduced glutathione ran parallel, as in the other experiments. 


TABLE III 


Disappearance of Glutathione Added to Different Dilutions of Blood Serum 
Incubated at 38° 


Glutathione in 100 per Glutathione in 10 per Glutathione in 1 per 
Time of cent serum cent serum cent serum 
incubation 

Reduced Total Reduced Total Reduced Total 

min. mg. per cent | mg. per cent | mg. per cent | mg. per cent | mg. per cent |mg. per cent 
0 50.6 55.2 56.7 56.7 53.8 53.8 
15 18.4 36.8 49.0 53.8 50.6 55.2 
30 10.7 23.0 42.0 49.0 53.8 53.8 
60 23.0 43 .0 53.8 
90 21.4 41.4 53.8 
180 20 .0 39.8 53.8 
360 5.5 20.0 7.7 21.4 52.1 53.8 
1200 5.5 12.2 4.5 20.0 44.3 50.6 

TABLE IV 


Disappearance of Glutathione Added to Serum, and to Salt- and Lipid-Free 
Albumin, Incubated at 38° 


Serum Salt- and lipid-free albumin (4.5 per cent) 
Time of Glutathione Time of Glutathione 
incubation Reduced Total incubation Reduced Total 
min. mg. per cent mg. per cent min. mg. per cent mg. per cent 
0 115.5 119.5 0) 64.4 67.5 
5 99.5 108.5 59.8 63 .0 
10 93 .0 105.5 10 56.7 59.8 
15 85.0 96.5 30 49.1 50.6 
25 72.0 87.5 60 38.4 41.4 
40 55.0 65.0 120) 35.3 38.4 
60 38.3 55.0 240) 32.2 33.7 
90 16.8 33.8 
150 7.7 30.7 
1080 30.5 


Urinary Albumin—Albumin, salt- and lipid-free, was dis- 
solved in distilled water to make a 4.5 per cent solution, and gluta- 
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thione was added. The rate of decrease of both the total and 
reduced glutathione was similar to that observed in normal blood 
serum. The values remained nearly constant after the initial 
fall which occurred in the first 2 hours. 


TABLE V 


Disappearance of Glutathione Added to Different Concentrations of Gelatin, 
Incubated at 38° 


Glutathione in 10 per Glutathione in 5 per Glutathione in 0.5 per 
Time of cent gelatin cent gelatin cent gelatin 
incubation 

Reduced Total Reduced Total Reduced Total 

min, mg. per ceni | mg. per cent | mg. per cent | mg. per cent | mg. per cent |mg. per cent 
0 38.7 40.0 40.0 40.0 40.0 40.0 
120 30.7 33.8 33.8 37.8 37.4 38.4 
300 27.9 29.4 31.3 32.5 36.8 37 .4 
600 20.2 21.8 24.5 24.8 33.8 33.8 
1500 3.0 8.0 4.6 8.3 23.9 27.5 
3000 4.5 8.0 19.9 23.3 

TABLE VI 


Incubation of Glutathione Added to Sérensen’s Phosphate Buffer Mixtures of 
Different pH Values 


pH 5.8 pH 7.4 pH 8.2 
Time of 
incubation | Reduced Total Reduced Total Reduced | Total 
glutathione | glutathione | glutathione | glutathione | glutathione | glutathione 
min, mg. per cent | mg. per cent | mg. per cent | mg. per cent | mg. per cent |mg. per cent 
0 20.2 26.4 19.3 25.8 17.8 27.5 
120 11.6 27. 4.0 26.4 4.0 26 .0 
240 7.1 27.5 4.0 26.4 4.0 26.0 
360 4.6 27.8 4.0 26.0 4.0 26.0 
720 4.6 28.1 4.0 27.5 4.0 27.5 
1440 4.0 27.9 4.0 28.1 4.0 27.5 


Gelatin—Glutathione was added to various concentrations of 
gelatin in water. In general the results (Table V) were similar to — 
those obtained with normal blood serum, in that the rate of disap- 
pearance decreased as the concentration of gelatin was reduced. 
However, the disappearance of the glutathione from gelatin solu- 
tions was decidedly slower than from serum. 

Buffer Mizxtures—Glutathione was added to Sérensen’s phos- 
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phate buffer mixtures which had pH values of 5.8, 7.4, and 8.2, 
before incubation (Table VI). The total glutathione values re- 
mained constant over 24 hours, just as is the case when glutathione 
is dissolved in distilled water. On the other hand, the reduced 
glutathione values dropped rapidly. In alkaline solutions, the 
reduced glutathione reached a low constant level in 2 hours, 
whereas in acid solutions the same point was reached only after 24 
hours. It is suggested that these buffer mixtures, and especially 
those which are alkaline in reaction, may act as oxidizing agents 
converting the reduced glutathione to the oxidized form. 

Temperature Changes—The rate of disappearance of both the 
total and the reduced glutathione normally present in whole blood 
or added to blood serum decreased as the incubation temperature 
was lowered, until at —3° there was practically no disappearance 
of glutathione in 24 hours. 


DISCUSSION 


Apparently the phenomenon of disappearance of glutathione 
(total) from blood is connected with the plasma proteins. Such a 
relationship is indicated by the fact that in non-hemolyzed whole 
blood, in which the glutathione is presumably bound within the 
cells, there is no diminution of the total glutathione even after 
several hours of incubation, whereas glutathione added to the 
whole blood and dissolved in the plasma disappears rapidly. 
Moreover, hemolysis of the whole blood with destruction of the 
eell membranes permits rapid disappearance of the glutathione 
held in the cells, probably by bringing it into contact with the 
plasma. This hypothesis is supported by the observation that 
suspensions of hemolyzed blood cells in isotonic sodium chloride 
solution have little or no power to destroy glutathione normally 
present or added artificially. Such findings indicate that the 
absence of glutathione from normal blood plasma may be explained 
by its rapid action in making ineffective any glutathione intro- 
duced into it in the course of normal metabolism. 

The rate of disappearance of glutathione from protein solutions 
depends upon the nature and concentration of the protein, as well 
as upon the initial glutathione concentration. It is especially 
rapid in blood serum and plasma and in solutions of urinary 
albumin, but somewhat slower in gelatin solutions. ‘The effect 
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of protein concentration is apparent in the experiments with solu- 
tions of serum and of gelatin, where marked dilution practically 
stops the reaction which leads to the disappearance of glutathione. 

The type of reaction involved in the disappearance of gluta- 
thione from protein solutions incubated at 38° is probably not 
identical with that observed by Hopkins (2) and Kendall, Mason, 
and Mckenzie (3), since the cleavage which they observed was 
very slow compared with that which develops in protein solutions, 
and could be completed only in the presence of high temperatures. 
On the other hand there are strong indications that the disappear- 
ance of glutathione from incubated protein solutions results from 
a chemical reaction. This view is supported by the observations 
that the rate of disappearance is altered by the nature of the pro- 
tein, by the initial protein concentration, by the concentration of 
glutathione, and by changes in temperature. No data are avail- 
able to indicate whether glutathione actually undergoes cleavage 
under the conditions of these experiments or whether it is combined 
with the protein so as to inactivate the sulfhydryl group, but the 
latter seems more probable. 


SUMMARY 


Glutathione added to protein solutions disappears more or less 
rapidly depending upon its initial concentration, the nature and 
concentration of the protein, and changes in temperature. 

The disappearance of glutathione from incubated whole blood 
apparently depends upon its diffusion from the cells where it is 
normally present, into the plasma, and its inactivation or destruc- 
tion through chemical reaction with the plasma proteins. 
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THE ALTERATION OF PROTEIN DISTRIBUTION, IN VI- 
TRO, BETWEEN CORPUSCLES AND PLASMA CAUSED 
BY ISOSMOTIC AND HYPEROSMOTIC SOLUTIONS 


By CARROLL J. BELLIS ano F. H. SCOTT 
(From the Department of Physiology, University of Minnesota, Minneapolis) 


(Received for publication, March 29, 1935) 


In 1915, one of us (F. H. 8.) (1) called attention to the fact that 
if Ringer’s or isosmotie saline solution be added to blood in vitro 
the amount of albumin in the serum or plasma of the blood in- 
creased. In 1932 we (2) showed that if the diluting solution were 
hyperosmotic there was a decrease in the serum or plasma protein. 
On diluting blood either with isosmotic or hyperosmotic solutions 
the non-protein nitrogen of the serum or plasma increased. In 
the present paper more details as to the qualitative nature of the 
protein shift are given as well as measurements of alterations of 
hydrion concentration, surface tension, and electrokinetic poten- 
tials, which might explain the reversal of the direction of the 
protein shift. Attention may be called to the importance of this 
subject not only in its bearing on the structure of the red corpuscle 
but also in regard to the proteins of the plasma in vivo where 
alteration of the fluid content of the blood will lead to alteration of 
protein distribution. Such an alteration was observed by Scott 
(3). Others (4) on studying the regeneration of the proteins of 
the plasma after hemorrhage have observed a rapid (within a few 
minutes) replacement of part of the protein. We believe a con- 
siderable part of this protein has come from the red corpuscles 
because of the dilution of the plasma which occurs after 
hemorrhage. 


Methods and Results 


Protein Determinations—In order to eliminate the possible 
effect of the oxalate ion defibrinated bovine blood was used 
throughout the present work. The blood was received in a clean 
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tinned vessel and allowed to stand for 4 minutes before being 
stirred slowly with a smooth rod. In no case following this 
procedure was there any hemoglobin detectable in the serum. 

The solutions used were made up fresh for each experiment. The 
water used was doubly distilled, the first part of the distillate being 
rejected so as to be sure it was nitrogen-free. ‘The salts used were 
heated over a low flame before being used. For isosmotic solu- 
tions we made solutions with a calculated freezing point of —0.57°, 
and for hyperosmotic solutions a freezing point of —5.16°, equiv- 
alent to the freezing point of a 50 per cent dextrose solution. The 
solutions used were as follows: isosmotic, 5.5 per cent dextrose, 
0.9 per cent NaCl, 1.4 per cent CaCl, 2.65 per cent BaCle; hyper- 
osmotic, 50 per cent dextrose, 8.1 per cent NaCl, 12.8 percent CaCl, 
24 per cent BaCle. 

In diluting the blood the desired amount of diluent was de- 
livered from a calibrated burette into a 100 ec. volumetric flask, 
the flask carefully filled to the mark with blood, stoppered, and 
inverted several times. The flask was allowed to stand for 30 
minutes at room temperature, experiment having shown that the 
protein shift can be observed in a few minutes after the addition 
of the diluent. We made four dilutions as listed below in addi- 
tion to the control. In all cases in this paper where dilutions are 
given (as 10:90) the first figure indicates the amount of diluent 
and the second the amount of blood. 


Sample No. | Solution Blood 
| ce. cc 
1 10 90 
2 20 SO 
3 50 
4 70 30 
5 0 100 (Control) 


No analyses were made of sera from blood diluted as follows, since 
hemolysis occurred. 


Hyperosmotic BaCl, All dilutions 
dextrose 70:30 
CaCl, 50: 50 
70:30 
Isosmotiec BaCl. 50:50 
70:30 
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Hematocrit determinations were made in capillary glass tubes 
4 em. in length, of about 1 mm. bore, and sealed at one end. The 
control blood or diluted specimen, each thoroughly mixed, was 
poured through a triple layer of gauze placed over the mouth of 
the barrel of a 5 ce. hypodermic syringe fitted with a blunt 5 em. 
No. 22 gage needle. The plunger was quickly fitted to the barrel, 
and the needle inserted to the bottom of the hematocrit tube. 
While the plunger was compressed, the syringe was withdrawn, thus 
filling the tube to overflowing. Asecond syringe fitted with a simi- 
lar needle, and filled with paraffin oil, was used to introduce a layer 
of oil 3 mm. in depth over the column of blood by displacing a 
similar quantity of blood, the paraffin oil preventing any possible 
loss of fluid at the open end due to absorption by the lock pads or 
by evaporation. Duplicates were centrifuged at 5000 r.p.m. for 
exactly 50 minutes, experiment having indicated that at the end 
of that time constant readings and Seepoeeney of the red cell 
layer (IXKoeppe (5)) could be obtained. 

During the hematocrit runs, the remaining contents of the flasks 
were centrifuged in corked 50 ce. tubes at 3000 r.p.m. for 45 
minutes, since, as Collins and Scott (6) have shown, enough evap- 
oration may occur in open tubes to cause a decrease in weight of 
about 1.5 gm. of plasma. 

Total nitrogen and non-protein nitrogen determinations were 
made on the serum of the control, or normal, and the supernatant 
fluid of the diluted blood (D). The protein was precipitated by 
the tungstate method of Folin and Wu (7) and the modified macro- 
Kjeldahl method of Cavett (8) was used for the nitrogen deter- 
minations with 0.8 ec. of serum. The protein nitrogen was ascer- 
tained by difference and the total protein by the product of the 
protein nitrogen X 6.25. Finally, the necessary corrections for 
volume changes of the corpuscles and the addition of the diluent 
were made from the hematocrit readings. 

A typical experiment with the calculations involved is presented 
below; the treated blood consisted of 90 ec. of defibrinated blood 
to which were added 10 ec. of 8.1 per cent NaCl solution. 


Serum in untreated control = 65.2 per cent 

Supernatant fluid in diluted specimen = 69.05 per cent 

Total nitrogen in 100 ec. of control serum = 1.3185 gm. 
Non-protein nitrogen in 100 ce. of control serum = 0.02016 gm. 
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Protein nitrogen in 100 cc. of control serum = 1.2983 gm. 
‘* ~~ in 100 ce. of control serum = 8.114 gm. 
Total nitrogen in 100 cc. of supernatant fluid of treated blood = 0.98444 


gm. 
Non-protein nitrogen in 100 cc. of supernatant fluid = 0.01838 gm. 
Protein nitrogen in 100 cc. of supernatant fluid = 0.966 gm. 
‘* in 100 ce. of supernatant fluid = 6.037 gm. 


Obviously, the supernatant fluid of the diluted blood is not pure 
serum. The actual serum content is found by considering the 
hematocrit readings of the control and treated bloods: serum in 
untreated control = 65.2 per cent; supernatant fluid in treated 
blood = 69.05 per cent; 90 cc. of untreated blood would have 
0.9 X 65.2 cc. = 58.68 cc. of serum; 58.68 ec. + 10 cc. of diluent = 
68.68 ec. of predicted supernatant fluid in the treated blood. 
69.05 — 68.68 = 0.37 cc. of excess supernatant fluid, which must 
have come from the corpuscles. To express the protein concen- 
tration in the actual serum contained in the supernatant fluid 
of the treated blood, the formula 


(1) P, = P, ((100 — D)/F) 


was used, where P2 = per cent of the supernatant fluid of the 
diluted blood which is actual serum, P; = ce. of serum in 100 ce. 
of control blood, D = ce. of diluent in the 100 ce. flask, and F = ee. 
of supernatant fluid in 100 ec. of diluted blood sample. 

Thus, if P; = 65.2, D = 10, and F = 69.05, P2 = (65.2 (100-— 
10))/69.05 = 84.9 per cent of the supernatant fluid of the treated 
blood is actual serum. The protein in 100 ec. of actual serum 
present in the treated blood would be (6.0375 x 100)/84.9 = 
7.111 gm. Thus, the protein in the serum of the treated blood 
decreased from 8.1143 to 7.111 = 1.0033 gm. per 100 ec. The 
non-protein nitrogen concentration in terms of actual serum of 
the treated blood would be (0.01838 X 100)/84.9 = 0.0217 gm., 
which is an increase of 0.0016 gm. per 100 ec. over the control. 

In Table I will be found the changes in the protein of eleven 
different samples of serum after the addition of 10 ce. of hyper- 
osmotic dextrose to 90 cc. of defibrinated blood. The figures are 
calculated, as indicated in the text, to show the changes in 100 ec. 
of original serum. In Table II are summarized the changes in 
protein and non-protein nitrogen due to the addition of hyper- 
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TABLE [| q 
Decrease in Protein Found in 100 Ce. of Serum Caused by Addition of 10 Ce. 
of Hyperosmotic Dextrose (50 Per Cent) to 90 Cc. of Defibrinated Blood on 
Eleven Different Samples of Blood 


Protein per 100 cc. 
gm. gm. gm. per 100 ce. j 
1 8.301 8.022 —0.279 | 
2 7.255 6.931 —().324 
3 6.988 6.522 —0.466 | 
4 8.202 7.530 —().672 q 
5 8.501 8.012 —().489 
6 7.730 7.521 —0.209 a 
7 7.621 7.437 —(0.184 
8 8.314 8.011 —0.303 
9 6.582 6.253 —0.329 
10 7.341 7.100 —().241 
11 7.820 7.215 —0.605 
TABLE II 


Summary of Changes in Amount of Serum Protein and Non-Protein Nitrogen 
after Addition of Hyperosmotic or of Isosmotic Solutions to Defibrinated 
Blood 

+ indicates increase; —, decrease. The figures express changes from 
100 ec. of original serum. 


Hyperosmotic solutions added Isosmotic solutions added 
gm. mg. gm. mq. 
50% dex- 10:90 11 |—0.373) +2.6, 5.5% dex- 10:90 5 +0.220) +1.8 
trose 20:80; 5 |—0.310) +3.7) trose 20:80 5 +2.6 
50:50! 5 |—0.195. +7.6 50:50, 5 +0565 
8.1% NaCl 10:90; 5 |—0.327) +3.1 70:30) +1.048 +11.2 
20:80 5 |—0.278 0.9% 10:90 5 +0.239 +3.0 
50:50! 5 |—0.151) +9.0 NaCl (20:80 5 |+0.522 +52 
70:30' 5 |—0.241'+10.8 50:50, 5 |+0.946 +8.3 
12.8%CaCl, 10:90) 5 |—0.259) +2.6 70:30 5 +1.269+12.7 
20:80' 5 |—0.273) +5.1) 1.4% 10:90' 5 |+0.175 +2.5 
CaCl, 20:80 5 |+0.352 +3.0 
| 50:50, 5 | +1.288 +10.7 
| 70:30) 5 |4+1.538 +17.2 
| 2.65% 10:90 5 +0.291 +2.0 
BaCl, 20:80) 5 +0559 42.9 
21 
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osmotic solutions or of isosmotic solutions to defibrinated blood. 
It will be noted that the protein decreases on the addition of 
hyperosmotic solutions, while it increases on the addition of 
isosmotic solutions. In all of our experiments we have never 
found a case in which the direction of the protein shift did not 
follow the above rule. It is also apparent that, following an 
initial drop, no proportionality exists between serum protein 
decrease and dilution of defibrinated blood with hyperosmotic 
solutions, while a definite proportional increase of non-protein 
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Fic. 1. Graphic summary of serum protein and non-protein nitrogen 
changes upon addition of hyperosmotic and isosmotic NaCl solutions to 
defibrinated blood. 


nitrogen is elicited by dilution. These relations are brought out 
in Fig. 1 in which the protein and non-protein nitrogen changes 
after the addition of hyperosmotic and isosmotiec solutions of 
sodium chloride are plotted against dilution. The nearly straight 
line proportionality between serum protein and non-protein nitro- 
gen inereases and dilution with isosmotie solutions suggests a 
diffusion of substances from the corpuscle to the surrounding 
menstruum. 

Although Howe (9) has pointed out that the concentration of 
salts necessary actually to precipitate the proteins must be greater 
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than the strengths we used, it was thought desirable to control this 
factor in our experiments. This was done by comparing the serum 
protein concentrations before and after the addition of hyperos- 
motic solutions to the serum alone, the volume of serum used 
being equal to 60 per cent of the blood volume used in the whole 
blood dilutions. For instance where 10 ec. of diluent had been 
added to 90 cc. of blood, in the experiments with serum alone, 10 
ce. of diluent were added to 54 ec. of serum. The results, pre- 
sented in Table III, show that the changes in protein concentration 
are very small, in some cases showing a decrease and in others an 


TABLE III 
Summary of Changes in Serum Protein Concentrations after Addition of 
Hyperosmotic Solutions to Serum Alone 
Each value given is for five experiments. + indicates increase; —, 
decrease. 


Solution Dilution (diluent:serum ) | Change per 100 cc. serum 
| gm 

50% dextrose 10:54 | +0.001 
20:48 | +0.008 

50:30) +0.004 

8.1% NaCl 10:54 —0.002 

20:48 +0.014 

50:30 +0 .005 

70:18 —(Q.012 

12.8% CaCl, 10:54 —0.010 
20:48 +0.011 


increase in protein of the diluted specimens over that of the con- 
trols. This would show that these changes are due to technical 
errors of analysis and not to protein precipitation. 

To determine what protein fractions of the serum were increased 
or decreased during these treatments, we fractionally precipitated 
the proteins with Na:SO,; (Howe (10)), the precipitation of the 
remainder being completed with CCl;COOH, and the difference 
between that fraction and the total proteins obtained by micro- 
Kjeldahl determination. The fractionation was performed, 
briefly, by placing the following quantities of anhydrous Na2SO, 
into four 50 ec. volumetric flasks: Flask 1, 5.35 gm. (precipitated 
fibrinogen); Flask 2, 7.10 gm. (precipitated fibrinogen and euglo- 
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bulin); Flask 3, 8.90 gm. (precipitated fibrinogen, euglobulin, and 
Pseudoglobulin I); Flask 4, 11.02 gm. (precipitated all but albu- 
min). Then, into each flask were placed 2 ec. of buffer,’ and water 
heated to 35° was added to within a few ce. of the mark. 1.0 ce. 
of plasma was then added, the volume brought to the mark with 
water, and then the flask allowed to stand at 35° for 2 hours (copper 
water bath). The contents were then quickly filtered through a 
double thickness of fine filter paper. The filtrate now contained 
the next higher proteins and the non-protein nitrogen constituents. 

10 cc. of the filtrate were placed in a 15 ec. centrifuge tube, and 
to this was added 1 ec. of 50 per cent CCl;COOH (the contents of 
a 4 ounce bottle added to 110 ec. of water and filtered through 
glass wool). This precipitated the remaining protein, the non- 
protein nitrogen still remaining in solution. After 10 minutes at 
room temperature, the tube was placed in a water bath at 55° 
for 10 minutes, and then centrifuged for 30 minutes. The super- 
natant fluid was decanted, 2 drops of 10 per cent NaOH were 
added to the precipitate, the contents stirred at once with a fine 
glass rod to dissolve the precipitate, and the volume again made 
up to 10 ec. with water. A nitrogen determination on an aliquot 
X 6.25 gave the protein. 

Table IV shows that the addition of isosmotic solutions to either 
oxalated or defibrinated blood effects an increase in plasma (fibrin- 
ogen) euglobulin, Pseudoglobulin I, and albumin, while Pseudo- 
globulin II decreases. Just as the increase of the other proteins 
is, roughly, proportional to the dilution, so is the decrease of 
Pseudoglobulin II proportional to the dilution. Apparently, 
then, Pseudoglobulin II is more easily depeptized by low concen- 
trations of ecrystalloids than the other proteins. It is also obvious 
that most of the increased protein is due to albumin in the oxalated 
blood, while in the defibrinated blood, the Pseudoglobulin I is also 
raised. Table V shows that the addition of hyperosmotic solu- 
tions to whole oxalated or defibrinated blood causes general 
decreases in all the fractions of the plasma or serum, especially of 
albumin. 


1 The buffer (pH 7.0) was made up of 29.6 cc. of 0.2 m carbonate-free 
NaOH solution, 50 cc. of 0.2 mM KH2PQ, solution, and distilled water (carbon- 
ate-free) to 100 cc. This method of fractional precipitation was devised, 
we believe, by Dr. Hilding Berglund and Dr. W. de M. Scriver. 


per 100 cc. of serum for the latter. 
+ indicates increase; —, decrease. 


experiments. 
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TABLE IV 
Summary of Changes in Fractional Protein Concentrations afler Addition of 
Isosmotic Solutions to Oxalated or Defibrinated Blood 


The values are expressed in gm. per 100 cc. of plasma for the former and 
Each value given is for three 
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Protein 


Dilution 


Dex- 
trose 


NaCl 


Oxalated blood 


Defibrinated 
blood 


Fibrinogen 


Euglobulin 


Pseudoglobulin I 


Albumin 


Euglobulin 


Pseudoglobulin | 


Albumin 


os 


— 


+0 .05 
+0.15 
+0.13 
+0.01 
+0.01 
+0.01 
+0 .04 
+0 .02 
+0 .04 
+0 .05 
+0 .24 
—().04 
—0.05 
—0.05 
+0.01 
+0.21 
+0.41 
+0.61 
+0. 58 
+0.01 
+0.03 
+0.07 
+0 .09 
+0 .07 
+0.13 
+0.14 
+0.18 
—0.03 
—0.05 
—0.07 
—0.01 
+0 .39 
+0.55 
+1.01 
+1 .37 


+0 .02 


+0 .02 
+0 .04 
+0.05 
+0.07 
+0.09 
+0.12 
+0 .05 
+0 .04 
+0 .08 
+-0.14 
—0.04 
—0.09 
—0.12 
—0.13 
+0.19 
+0 .40 
+0.76 
+1 .22 
+0.01 
+0.03 
+0 .06 
+0.08 
+0 .03 
+0.04 
+0.08 
+0.11 
—0.03 
—0.05 
—0.08 
—0.10 
+0. 26 
+0.58 
+0.98 
+1.31 


+0 .02 
+0.04 
+0 .06 
+0.10 
+0 .03 
+0.13 
+0.13 
+0.15 
—0.01 
—0.04 
—0.05 
—0.07 
+0.17 


+0.47 
+0 .96 


+1.45 


= 
| | (diluent: | Bac. | 
3 | | blood ) | | | | 
| 10:90 | 
| | 20:80 | +0.02 
| | | | 
| 
| | 40.08 
| | | | +0.04 ‘ 
| 
| | | | | 
| 
| | | 
| 1 | | -0.02 | 
| | | | | '—0.04 
| | | | 
| 
| | +0.18 
j | | +0.43 
| | | 
| | +0.01 
| | +0.05 | 

| 

| | 
| +0.08 | 
| (+0.13 
| | | | 
| | | 
| | | 
| 
| | +0.13 
| | | | 
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The common observation that defibrination seems to render the 
corpuscle highly fragile, called our attention to the interesting 
fact that we found the average albumin content of serum to exceed 
that of oxalated plasma by 0.20 gm. per 100 cc. in a series of thirty- 
six samples. This is of interest both from the standpoint of the 
character of the erythrocyte surface and of the well known tend- 
ency of the erythrocyte to compensate for depletion of plasma 
constituents. The possibility should be noted, however, that the 
difference in albumin content may be due to the action of the 
anticoagulant, the serum albumin level probably approaching 
more closely the albumin concentration of intravascular plasma. 


TABLE V 
Summary of Changes in Fractional Serum-Plasma Protein Concentrations 
after Addition of Hyperosmotic Solutions to Whole Blood 
The values are expressed in gm. per 100 cc. of serum. Each value given 
is for three experiments. The dilution used was 10 cc. of diluent to 90 cc. 
of blood. + indicates increase; —, decrease. 


Dextrose NaCl CaClz 


Fraction 

Defibrinated blood Euglobulin —0.01 +0.01 —0.09 
Pseudoglobulin I —0.06 | +0.01 —0.03 

I] —0.02 | —0.02 
Albumin —0.24 | —0.36 | —0.26 

Oxalated blood Fibrinogen —0.02 | —0.05 

Euglobulin —0.07 | —0.09 

Pseudoglobulin I —0.02 | —0.05 

I] —0.03 —0.04 

Albumin —().30 —().22 


The plasma-serum non-protein nitrogen increments with either 
isosmotic or hyperosmotic solutions and the protein increments 
with isosmotic solutions can be attributed to a dilution phenom- 
enon. The following possible causes of protein decrease observed 
with hyperosmotic solutions, not being proportional to dilution, 
suggested themselves; namely, (1) adsorption of plasma proteins on 
the erythrocytes in hyperosmotic menstrua due to effective changes 
in hydrion concentration, (2) similar adsorption caused by effec- 
tive surface energy changes, (3) adsorption of proteins on the cor- 
puscles effected by alteration of electrokinetic potential on either 
or both the erythrocytes and plasma or serum proteins. 
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The investigation of these possibilities was conducted in the 
order named. 


TABLE VI 


Hydrion Concentrations of Supernatant Fluids from Whole Defibrinated Blood 
Diluted with Various Solutions 


Solution PH of solution ( dilwent’ Llaod) | — ‘hud 
| 7 .30* 
1.4% CaCl, 8.04 10:90 | 7.37 
20:80 7.18 
50:50 7.04 
Above 70:30 7.04 
12.8% CaCl, 9.0 10:90 7.22 
20:80 7.10 
50:50 Hemolysis 
70:30 
0.9% NaCl 6.52 10:90 7.34 
20:80 7.22 
50:50 7.49 
70:30 7.15 
8.1% NaCl 6.35 10:90 7.44 
20:80 7.23 
50:50 7.28 
70:30 7.29 
5.5% dextrose 6.42 10:90 7.20 
20:80 7.23 
50: 50 7.25 
70:30 Faint hemolysis 
50% dextrose 6.70 10:90 7.08 
20:80 7.49 
50:50 Faint hemolysis 
70:30 
24% BaCl, 6.84 Hemolysis in all dilutions 
2.65% BaCl, 6.80 10:90 7.04 
20:80 7.14 
50:50 7.08 
70:30 7.14 


* pH of serum alone. 


Hydrion Determinations— Previous experiments of other investi- 
gators having shown that the isoelectric point of the erythrocyte 
corresponds to the isoelectrie point of its chief proteins, any altera- 
tion in hydrion concentration of the external medium affects not 
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only the surface layers but the proteins of the interior. If the 
solutions which we added to our blood samples could appreciably 
lower or raise the acidity of the external medium to render the 
erythrocyte surface isoelectric (and, of course, its surface pro- 
teins, also), there would be a deposition of protein on the red blood 
cell surface. The pH values of isosmotic and hyperosmotic solu- 
tions of CaCle, NaCl, dextrose, and BaCle were determined by the 
colorimetric method of McClendon, Russell, and Tracy (11). 
Following this, the hydrion concentrations of our plasma and 
serum controls were determined and compared with the hydrion 
concentrations of the supernatant fluids after diluting the whole 
blood with our solutions. 

From Table VI, it will be seen that although the pH values of 
our solutions, with the exception of CaCle, were in the acid range, 
the pH of the supernatant fluids remained practically the same as 
that of the control plasma or serum. The buffer action of the 
corpuscles or plasma constituents prevented pH change. 

In order to determine whether this buffer effect was due to the 
corpuscles, the same solutions were added to pure serum alone, 
and the pH of the resulting dilutions compared with the control 
serum. The dilutions were 5:22.5, 10:20, 25:12.5, and 35:7.5, 
the first figure in each couple representing the volume of diluent, 
the second the volume of serum. From Table VII it will be 
seen that the serum is capable of buffering the excess hydrion 
concentration without the presence of the erythrocytes, the pH 
values of the diluted samples approximating very closely the values 
of the control serum. Hence, our protein shifts are not account- 
able for on the basis of extreme changes in hydrion concentration. 

Surface Tension Determinations—The relation of plasma protein 
to stroma protein seemed important in considering our observa- 
tions from a standpoint of surface energy changes. 

Tables VIII and IX give the values for the surface tensions of 
the controls, whole blood, and plasma before and after the addi- 
tion of isosmotic and hyperosmotic solutions to the fresh blood, 
obtained with the du Noiiy torsion balance (12). ‘To the right of 
each dilution is given the surface tension value of the supernatant _ 
fluid from each dilution and the control. It will be seen that the 
surface tension of whole blood is in the region of 60 dynes, that of 
plasma a little lower, 58 dynes, and that dilution with isosmotic 
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solutions has only a slight effect upon the surface tension of the 


original blood. 
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Hydrion Concentrations of Serum Diluted with Various Solutions 


Solution 


PH of solution 


1.4% CaCl, 
12.8% CaCl, 
0.9% NaCl 
8.1% NaCl 
2.65% BaCl. 
24% BaCl, 
| 5.5% dextrose 


50% dextrose 


7.0 


Above 9.0 


6.78 


6.78 


6.71 


6.78 


7.04 


6.90 


Attention is called to the letters which we have placed at the 
right of these values, LULL indicating extreme laking, L a barely 


Dilution 
(diluent:serum ) 


pH of diluted 
serum 


0:100 (Control) 
5:22.5 

10:20 

25:12.5 

35:7.5 


NNN NNN NNN NNN 
S 


w 


perceptible degree of laking, and LL and LLL steps in between. 


| | | 
— | 
| | } 
| | | 
| | 36:7.5 | | 
| | 5:22.5 | 
| | 10:20 | 4 
| -25:12.5 | 
| | 39:7 .5 | 
| a | 5:22.5 | 4 

| 10:20 | 
7 | | 
| | 35:7.5 | 
| 5:22.5 | 
| | 10:20 | : 
| | | 25:12.5 | 
| | :7.5 | 

| | | 0:22.5 | 
) | | 10:20 | 

a | | 25:12.5 

| 39:7 .9 | 
| 5:22.5 | 
| | 10:20 | i 
| :25:12.5 | 
| | 35:7.5 | | 
| | 5:22.5 | 
| 10:20 | 
| | | 
| | 39:7.9 | { 
| 
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In all of our determinations of surface tensions on whole blood 
with the du Noiiy balance there was always present the technical 
difficulty of producing a rapid break of the film while making a 
reading at the exact time of cleavage. It is obvious that in a film 
of blood the cells rapidly precipitate, and unless the reading is 
made quickly and the film stretched without hesitation, the value, 
supposedly for the surface of the whole blood, is really that of the 
plasma. Thus, we present our surface tension values of the bloods 
and various dilutions as approximations rather than certainties, 
since there is still to be produced an efficient method for determin- 
ing surface tension of blood or any dilution of it. It should be 
concluded, however, that our hyperosmotic solutions did not 
alter surface tensions sufficiently to account per se for protein 
adsorptions on the erythrocyte. 

Cataphoretic Measurements—The experiments of other investi- 
gators have shown that the surface tension is an important force 
in adsorption, since a particle will not adsorb on another unless 
the former is able to lower the latter’s total free surface energy. 
Two particles may be of opposite electrical charge and yet will not 
adsorb on each other unless this condition is fulfilled. However, 
if the critical point is being neared where two particles of opposite 
charge have a sufficient difference of surface tension to allow an 
electrical adsorption, the combination will take place, where it 
might not have if the particles were isoelectric. 

If the corpuscles and plasma proteins were isoelectric or nearly 
so, slight differences in charge between the corpuscles and proteins 
would result in adsorption. The adsorption would occur despite 
the tendency of the high surface tension of the hyperosmotic solu- 
tions to inhibit the adsorption. 

With these facts in mind, we investigated the charge on the 
erythrocytes and plasma (serum) proteins to see what effects the 
addition of our various isosmotic and hyperosmotic menstrua 
exerted on their respective potentials, remembering that the 
addition of these solutions raised the surface tensions of the media. 
The electrokinetic potentials of the erythrocytes and plasma 
proteins were calculated after their respective cataphoretic veloci- 
ties and viscosities were measured. 

Irythrocytes bear a negative surface charge, first shown by 
the early discoveries that upon application of a current in a cata- 
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phoresis chamber the cells moved to the anode (Girard-Mangin 
and Henry (13), Lillie (14)), an observation extended in the last 
few years by the precise and excellent work of Abramson (15, 16). 
Abramson (17) showed that since the water was charged positively 
near the glass, a negatively charged lymphocyte near the center 
would move faster than near the glass, where it would encounter 
the resisting cathodal water flow. The cells resting near the glass 
or on it showed hardly any or no motion, the fastest moving cells 
being in the center where the motion was enhanced by the trans- 
portation of water in the same direction. (The effect of electro- 
endosmosis is very great and must be taken into account. The 
papers of Northrop (18), Falk, Tonney, White, and Jensen (19), 
Jensen (20), and Ellis (21, 22) may be noted.) For our measure- 
ments, we always used the second stationary level which was 
conveniently located by calibrating the fine adjustment of the 
focused microscope against the formula given by Jensen. 

A change in velocity of erythrocytes on standing was noticed 
by Eggerth (23) and Netter (24), and although Abramson (16, 25) 
found no significant alterations in erythrocyte velocities on stand- 
ing, we decided to obviate the time factor by making all of our 
determinations at standard times after exsanguination of the 
animal. In all cases, this was within an hour after slaughtering, 
the blood being used while still warm; in no case was the blood 
refrigerated or diluted with old solutions or solutions which were 
not at room temperature. 

The apparatus used was identical with the one used by Abram- 
son (26) and similar to that first described by Northrop and Kunitz 
(27). 

As Abramson recommends, we used 1 drop of blood to 50 ec. of 
solution as the suspension to be introduced into the cataphoresis 
chamber, since the ratio of solution to blood volume does not affect 
the cataphoretic velocity of the cells. The cataphoretic velocities 
of erythrocytes suspended in our various solutions are summarized 
in Table X (column V) and will be commented upon shortly. 

Our problem then was to determine what effect was exerted by 
our saline menstrua upon the plasma proteins, and since the posi- 
tive adsorption on quartz particles would give us material capa- 
ble of being visible in the cataphoresis cell, quartz particles of 18 
mesh were triturated in an agate mortar until particles of about 
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5u in diameter were obtained, samples from the mortar being 
removed at intervals during the trituration and examined under 
the microscope to determine when a sufficient quantity of correctly 
sized particles was present to proceed with the cataphoresis. 

A quartz particle suspended in 1 K 10-4N NaCl carries a nega- 
tive charge, moving to the anode with a velocity of 3u per second 
per volt per em., as measured by Abramson (15). When in pure 
water or in such a menstruum, the particle is surrounded by a shell 
of water, but when in contact with a protein solution, the quartz 
is surrounded more or less completely by the protein, carrving the 
charge of the latter, and if such particles are then placed in an 
electric field, there will be a polar migration whose velocity is partly 
dependent upon the potential gradient in the cataphoresis cell 
and upon the viscosity of the menstruum. 

All suspensions (except when the saline used was BaCl.) were 
made up in the following manner. 25 ec. of the saline solution 
were added to 25 ec. of plasma and allowed to stand 5 minutes, 
at the end of which a small amount of the quartz powder (enough 
to be held on the point of a spatula) was gently shaken up with the 
plasma-saline mixture, immediately giving a cloudy suspension 
due to aggregation of protein around the quartz particles. During 
the next 5 minutes, the larger quartz particles were allowed to 
settle out and the upper portion of the suspension was introduced 
into the reservoir of the cataphoresis chamber for cataphoresis 
measurements. In the case of the quartz particles, as with the 
erythrocytes, the last five determinations in each group of ten were 
made with the polarity of the electrodes reversed. 

In the case of the 2.65 and 24 per cent BaCle solutions, 5 ec. of 
plasma were added to 45 cc. of solution, since greater concentra- 
tions of plasma produce protein clouds owing to flocculation. 
Although these aggregates would not interfere with the cata- 
phoretic measurements, it is impossible to determine the viscosity 
of such a suspension with any degree of accuracy. With a dilution, 
however, of 5 parts of plasma to 45 of saline, the flocculation was 
sufficiently fine to permit a viscosity determination with the 
dynamic method employed. Since the quartz particles will 
adsorb proteins from a solution containing protein in the concen- 
tration of 1 part in 10 billion, the dilution of the plasma does not 
interfere with the results. The cataphoretic velocities of the 
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quartz particles suspended in the various media are summarized 
in Table X (column V). 

According to the Helmholtz-Lamb equation, the velocity of a 
charged particle in an electrostatic field is directly proportional to 
the electrokinetic potential on the particle. This equation ignores 
the size of the particle because the electrokinetic potential is the 
charge per unit area and, generally, is independent of the size and 
shape of the particle. 

In this equation 


(2) ¢ = (427(300)27V)/10DX in micron millivolts 


where ¢ is the electrokinetic potential; 7 is the coefficient of vis- 
cosity (dynes per second); V is the velocity in em. per second; D 
is the dielectric constant (=81); and X is the potential gradient 
across the cataphoresis cell. For practical use, it was expedient 
to make a large part of Equation 2 constant, with 7, V, and X as 
variables, the equation then reading: 


(3) ¢ = 1395 (nV)/X in micron millivolts 


Viscosity Determinations—To obtain the electrokinetic poten- 
tial, then, the viscosity of the medium must be known. The 
formula for viscosity used was 


(4) n = (artdth)/8Ql 


where 7 is the coefficient of viscosity, d is the density in gm. per 
ce., r is the radius of the capillary (=0.2 mim.), ¢ is the time for 
volume Q to pass, and l is the length of the capillary. When the 
constant factors r‘, 8, Q, and l are substituted in Equation 4 


(5) n = 0.00000108dith 


which is the formula we used. 

In previous methods of determining viscosity static hydro- 
pressures have been utilized, but we felt that greater speed could be 
attained in making either single or series determinations by appli- 
cations of hydrodynamic principles. This was especially neces- 
sary in determining the viscosity of a 50 per cent dextrose solution 
which is so great that any of the usual hydrostatic methods would 
never suffice. To this end, we devised an apparatus which could 
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accurately determine the factors required in Equation 5 with 
speed. 

The apparatus we used (Fig. 2) consisted essentially of a Traube 
pipette (7'P) of 4.85 cc. capacity from the scratch mark (M) to the 
end of the capillary. (The capacity was determined by weighing 
the volume of water contained between M and the end of the 
capillary by delivering it into a weighing bottle.) The pipette 
was connected to compressed air (P) by means of rubber connec- 
tions (2; and R2), interposing a 3-way stop-cock (S), the side arm 
of the stop-cock (SA) permitting the shunting of air away from 


VAIN AIS 
Fic. 2. Viscosimeter used in determining viscosity of control menstrua 
and dilutions. See text for detailed description. 


the capillary after emptying of the Traube pipette, since continued 
flow of air through the capillary might have caused the deposition 
of contained impurities on the capillary wall. A T-tube (T) 
permitted the connection of a mercury manometer (11M) 80 cm. 
high, resting on the table and held in place as shown. A ruler 
(G), graduated in mm., was fastened to the right limb of the manom- 
eter with the zero of the gage exactly at the level of the two 
resting limbs of mercury. 

The determinations were carried out as follows under constant 
temperature conditions (35°). The pipette was disconnected 
from the 3-way stop-cock, filled to overflowing with the solution, 
the outside dried with a clean cloth, and reconnected. With the 
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stop-cock turned as shown in Fig. 2, a small current of air was 
turned on, at which point the right limb of the manometer imme- 
diately began to rise and reached a constant level by the time the 
meniscus passed the scratch mark M. The stop-watch was 
started at the instant the meniscus of the solution passed the mark, 
the pressure recorded, and the watch stopped, when the pipette 
was emptied. When making a series of determinations on the 
same solution, it was obviously unnecessary to wash out the large 
chamber of the pipette, but when changing solutions, the bowl 
of the pipette was rinsed several times in distilled water, leaving 
the capillary filled with the previous solution. The column of 
solution filling the capillary was automatically replaced by new 
solution at the beginning of the new determination, while the 
meniscus of the solution was approaching the scratch mark M. 

With double distilled water, the viscosity at 35° was found to 
be 7 = 0.00000108dth = 0.00000108 XK 1 X 60 = 0.0064. 

The viscosities of our control solutions (fresh oxalated plasma 
and fresh serum) and plasma-serum dilutions with our solutions 
as used in the cataphoresis measurements are given in Table X 
(column 7). 

The electrokinetic potentials of the erythrocytes and plasma 
(serum) proteins were obtained by using Equation 3. For exam- 
ple, erythrocytes suspended in isosmotic NaCl (0.9 per cent) were 
found to have an average velocity of 9.75 uw per second per volt per 
em. (under an E.M.F. of 120 volts corresponding to a potential 
gradient of 7.58 in a menstruum of viscosity 0.0075), and have a 
calculated potential (from Equation 3) of 13.5 millivolts. In 
Table X are given the calculated electrokinetic potentials of the 
erythrocytes and quartz particles suspended in our various men- 
strua. We do not use velocities in our discussion because velocity 
is a function of viscosity, and the viscosity being reduced to unity 
in Iquation 3, the electrokinetic potential becomes an absolute 
value. The erythrocyte charge is definitely higher than the 
plasma proteins, cither in the ‘“‘normal’’ state or when bathed in 
isosmotie solutions, but when the cells are suspended in hyper- 
osmotic menstrua, whereas the plasma proteins become reduced in 
charge to some extent, the sign even being reversed with BaCl. 
and CaCh, the change of charge on the erythrocyte is considerably 
greater, the conditions being ideal for adsorption of proteins from 
the plasma. 
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DISCUSSION 


The effect of a small quantity of electrolyte on the charge of a 
particle may be illustrated by comparing the cataphoretic veluci- 
ties of quartz particles suspended in distilled water (calculated 
from the figures of Whitney and Blake (28)) with the velocities we 
obtained when the particles were suspended in 0.9 per cent NaCl. 


Distilled water (Whitney-Blake) 0.9 per cent NaCl 
Mobility, » persec. per volt perem...... —3.00 —4.15 


Obviously, the cataphoretic velocity is slightly increased. It is 
interesting to note that the addition of neutral crystalloids such as 
dextrose and NaCl in isosmotie concentrations increases the cata- 
phoretie velocity and charge of both the erythrocytes and the 
plasma proteins. This effect would tend to minimize positive 
adsorption; on the other hand it would increase negative adsorp- 
tion and favor diffusion of substances from the erythrocyte to the 
plasma such as we observed. 

Freundlich (29) has shown that as the charge on a particle is 
reduced from — to 0, the surface tension is increased so that at 
the isoelectric point, the high surface tension favors adsorption. 
That is why Mond (380) found that the direction of ionic inter- 
changes through the red cell ““membrane’”’ could be reversed by the 
addition of surface-active adsorbents to the medium. 

Mines (31) showed that erythrocytes in strong cerium chloride 
solution became uniformly positive with no agglutination, while in 
dilute cerium chloride prompt agglutination occurred, because, he 
says, in the latter some of the cells became positive and were 
attracted by the others. H6ber (32), however, has shown that in 
strong concentrations of electrolytes, the potential of the erythro- 
cytes falls to 0, and the cells agglutinate. In other words, whereas 
Mines believed agglutination was due to oppositely charged sys- 
tems, Héber showed that the agglutination was not a matter of 
opposite but of critical charge. His experiments, however, show 
that the electrokinetic charge of the cells could be reversed by the 
salt action on the protein and lecithin particles. 

With the hyperosmotic solutions of dextrose, NaCl, CaCl, and 
BaClh, there is a tremendous drop in electrokinetic potential and 
cataphoretic velocity, a drop to 0 of both factors with the first 
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two solutions, and a reversal of direction and ¢ potential sign with 
CaCl. and BaCle. 

In 8.1 per cent NaCl there will be a protein adsorption on the 
erythrocytes which have a surface tension higher than that of the 
plasma proteins, due to the difference in potential between the 
cells and the plasma proteins. In the case of 50 per cent dextrose, 
there may be a dehydration of the erythrocyte and protein micelles, 
which, in effect on the electrokinetic potential, is the same as the 
addition of an electrolyte. 

The effects with CaCl. and BaCl. are probably due to both the 
divalent ion and the alkaline hydrolysis, Hardy (33, 34) having 
noticed a similar effect with globulin suspensoids. He found the 
cataphoretic velocity of —198 to —229 uw per second per volt per 
cm. and the electrokinetic potential of —31 millivolts with acid 
globulin to drop to a mobility of 77 uw per second per volt per cm. 
and a potential of +10 millivolts with NaOH globulin. - 

From the results of our experiments, we believe that the lowering 
of the erythrocyte and plasma protein potentials in the presence of 
hyperosmotic solutions results in adsorption of the proteins on the 
erythrocytes. A second possible explanation of our results may 
lie in the depeptization of the plasma proteins, thus increasing 
their concentration relative to the concentration in the erythro- 
cyte, with a resulting diffusion of protein into the corpuscle. This 
last mechanism, however, hardly seems probable since the viscosity 
changes we observed do not warrant it. 

It seems that the contents of the red blood cells are probably in 
concentration equilibria with the contents of the plasma, both 
colloid and crystalloid, necessitating changes in the contents of 
the corpuscles corresponding in equivalence to alterations of the 
fluid content of the blood. 


SUMMARY 


1. The addition of isosmotic solutions of dextrose, NaCl, CaCl, 
and BaCl. to oxalated or defibrinated blood in vitro increases the 
protein content of the supernatant fluid in direct relation to the 
degree of dilution. 

2. The addition of hyperosmotic solutions of these same sub- 
stances to oxalated or defibrinated blood in vitro decreases the 


| 
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protein content of the supernatant fluid, the decrease reaching a 
value which is not exceeded upon further dilution. 

3. The addition of either isosmotic or hyperosmotic solutions of 
these substances to oxalated or defibrinated blood in vitro increases 
the non-protein nitrogen content of the supernatant fluid in direct 
relation to the degree of dilution. 

4. By fractional precipitation it was found that the protein 
increase upon dilution with the isosmotic crystalloids was mostly 
an albumin elevation, although euglobulin (fibrinogen in oxalated 
blood), and Pseudoglobulin I also increase to some extent with the 
dilution; dilution with hyperosmotic menstrua effects a depression 
of all fraction levels, especially albumin. 

5. pH determinations showed that, except in the case of CaCl, 
the protein decreases with hyperosmotic crystalloids are not 
accountable for on the basis of hydrion change. 

6. pH determinations on serum diluted with both isosmotic 
and hyperosmotic solutions showed that whatever small pH 
differences originally existed between serum and solutions were 
buffered by the physiological medium, the same buffering action 
being observed when the whole blood was diluted with the 
solutions. 

7. Surface tensions as determined by du Noiiy’s method showed 
that the hyperosmotic solutions had higher surface tensions than 
the isosmotic solutions, which approximated water, but that 
dilution of the blood with these solutions did not appreciably alter 
the surface tension of the original blood. 

8. The electrokinetic potentials (calculated from the catapho- 
retic velocities) of the erythrocytes and plasma (serum) proteins 
(by the quartz adsorption method described) after treatment with 
the various hyperosmotic solutions were either isoelectric or 
reversed; treatment with isosmotic solutions did not produce signif- 
icant diminutions in potential. 

9. A new application of the capillary flow method of determining 
viscosity is described in connection with the electrokinetic poten- 
tial determinations. 
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NOTE ON THE TOTAL PROTEIN CONTENT OF 
PLASMA AND SERUM 


By W. LEHMAN anp F. H. SCOTT 
(From the Department of Physiology, University of Minnesota, Minneapolis) 


(Received for publication, June 26, 1935) 


One would naturally expect that plasma would contain more 
protein than serum because of its fibrinogen. However, Scott (1) 
and Bellis and Scott (2) have shown that protein, especially 
albumin, may pass readily from the serum to the corpuscles and 
vice versa. Thus, on the addition of Ringer’s or isosmotie 
solutions protein leaves the corpuscles for the serum, while on the 
addition of hyperosmotic solutions, the protein leaves the serum 
for the corpusele. In the previous paper of this issue Bellis and 
Scott (3) give more details of these shifts as well as a probable 
explanation of the reversal of the shift, for in the work reported in 
their paper Bellis and Scott used over 70 different ox bloods and 
had analyses of thirty-six plasma and thirty-six serum samples. 
When the results were averaged, it was found the two averages 
were almost identical—the serum having slightly more protein 
than the plasma. Since these analyses were not made on the 
plasma and serum of the same animal, it might have been a coin- 
cidence. In the present paper results on plasma and serum 
from the blood of the same animal are presented. 

In this work part of the blood from the animal was received in a 
hottle containing powdered oxalate, while part was reeeived in a 
bottle and allowed to clot. The bottles were kept stoppered to 
prevent evaporation. The oxalate blood was centrifuged imme- 
diately and when this was done the clot had usually retracted 
sufficiently so that enough serum which was then centrifuged 
could be obtained. The centrifuge tubes were stoppered in all 
cases. Kjeldahl determinations were made in duplicate on 1 ce. 
samples, according to the technique of Cavett (4). In most cases 
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44 Protein Content of Plasma and Serum 
all the nitrogen was treated as protein since experiment showed the 
non-protein nitrogen did not vary. 

Table I presents the protein content obtained in the samples by 
multiplying the nitrogen by 6.25. 

It will be noted that the content of protein in plasma and in 
serum is practically the same. Fractional precipitation showed as 
Bellis and Scott found that the ox plasma contained usually be- 
tween 0.2 and 0.3 per cent fibrinogen and that the increased 
protein in serum was chiefly albumin. 


TABLE I 
Protein in Plasma and Serum from Same Animal 


Plasma Serum Plasma Serum 

gm. per 100 cc. | gm. per 100 cc. gm. per 100 cc. | gm. per 100 cc 
Ox I 6.956 7.162 Dog I 6.437 6.418 
| 8.206 8.200 5.481 5.581 
| 8.250 8.062 5.762 5.906 
7.037 6.893 IV 5.137 5.206 
7.975 8.000 Cat 5.018 5.106 


These results are presented as further evidence of the ease with 
which protein may leave the corpuscle. They also show that 
normally there is an equilibrium between the proteins in the 
corpuscles and plasma and when this equilibrium is upset there is a 
shifting of the protein. 
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THE APPARENT DISSOCIATION CONSTANTS OF CANA- 
VANINE AND CANALINE* 


By TETUO TOMIYAMA 


(From the Division of Biochemistry, University of California Medical School, 
Berkeley) 


(Received for publication, May 13, 1935) 


Kitagawa and Tomiyama (1) found a new basic compound, 
canavanine, in jack bean meal and showed that, in certain 
respects, it possesses a behavior somewhat similar to that of argi- 
nine. However, when canavanine is split by liver ferment, it does 
not give rise to urea and ornithine, but to urea and canaline. 
From its chemical behavior the latter compound is believed to be 
a-amino-y-hydroxyaminobutyricacid (2). Kitagawa and Yamada 
(3) reported experimental evidence to the effect that canavanine 
is not a ureido compound, but may be a guanidine compound. 
The tentative formule of canavanine and ecanaline are as follows: 


NH, NH, 
Canavanine IH N=C—H N—O—CH,—CH,—CH—COOH 
NH, 
| 
Canaline 


In order to throw light on the structure of canavanine and its 
decomposition product, the apparent dissociation constants of the 
two compounds have been determined, since the value of the disso- 
ciation constant corresponding to any particular group is con- 
sidered to be a function both of the position of that group and 
the influence of adjoining groups in the molecule. 

Canavanine was isolated as the flavianate from the 50 per cent 
alcohol-soluble fraction of Arleo jack bean meal. It was further 


* Aided by a grant from The Chemical Foundation, Inc., and the Re- 
search Board of the University to Dr. Carl L. A. Schmidt. 
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46 Canavanine and Canaline 


purified by converting it into the picrate and recrystallizing it. 
The nitrogen content of the canavanine picrate was determined as 
21.87 per cent (calculated for C;H:2.03N,-2CsH3N3;07,N = 22.08). 
Canaline was prepared by decomposing free canavanine with a 
well washed suspension of pig liver and isolating the canaline as 
the picrate. The nitrogen content of the canaline was 18.90 per 
cent (calculated for CyH,oO3;N2-2CsH3N307,N = 18.92). 


x = Amino Acid Curve 0.02M solution 


0.04 3 o = Water Blank Curve 
| --- = Corrected Curve 
0.03 
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Fic. 1. Titration curves of canavanine 


Mols of Acid or Base Combined 


Oo 12 


For the titration of these two compounds, the sulfates were used 
rather than the free amino acids. A difficulty arose in this titra- 
tion procedure since it was impossible to use either the hydrogen 
or the quinhydrone electrode. Canaline is easily decomposed by 
hydrogen in the presence of platinum black (2) and in the case of 
canavanine it was found that both the hydrogen and quinhydrone 
electrode showed unsteady potentials soon after starting to neutral- 
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ize the a-amino group. Hence the glass electrode was used. Its 
potential was measured with a vacuum tube potentiometer (4). 
The electrode was calibrated between pH 2 and 12. The com- 
pounds were titrated with n sodium hydroxide at 25°. The maxi 

mum change of volume during the titration was about 6 per cent. 
The ok’ values do not change with such a slight change of volume. 


x = Amino Acid Curve 0.02M solution 


0.04 
oO = Water Blank Curve 
x = Corrected Curve 
2 0.03 
0.02F 
/ 
= 
/ 
if 
1 3 +4 5 


6 
Fic. 2. Titration curves of canaline 


Figs. 1 and 2 show the titration curves of canavanine and cana- 
line respectively. The classical apparent dissociation constants 
were calculated with the Henderson-Hasselbalch equation (5) and 
from these constants the apparent free energy change due to 
ionization was calculated (6). Table I shows these thermo- 
dynamic relationships. 

On inspection of Figs. 1 and 2 and Table I, it is noticed that the 
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basic group of canavanine has a basicity which is weaker than the 
guanidine group of arginine and a little stronger than the imid- 
azole group of histidine. Besides the a-amino group, canaline 
possesses a basic group which is so weak that it is a little difficult 
to distinguish it from the a-amino group. However, the apparent 
free energy changes due to ionization of amino acids show that the 
pk’, of canaline, whose (AF)’ = 14,000 calories, does not corre- 
spond to the amino group which generally has the value of (AF)’ = 
16,000 calories (6). Therefore, pK’s; is to be referred to the 
hydroxylamino group. 

The result that canaline is a weaker basic compound than either 
ornithine or hydroxylamine seems to verify the formula which has 


TABLE 
Thermodynamic Data for Canavanine and Canaline at 25° 


Amino acids pk’ 
Canavanine pK’, 9.25 + 0.03 12,600 —COOH 
pK’» 7.40 + 0.05 10, 100 A basic group 
pK 11.50 + 0.10 15,700 a-NH, 
Canaline pK’, 9.20 + 0.05 12,500 | —COOH 
10.3040.05 | 14,000 | —ONH, 
11.60 + 0.10 15,800 a-NH; 


pK’, = the classical apparent acid dissociation constant of the amino 
acid; pK’, = the classical apparent basic dissociation constant of the amino 
acid. 


been ascribed to canaline. Hydroxylamine possesses less basicity 
than ammonia, because 1 of the hydrogen atoms of ammonia is re- 
placed by a negative group, 7.e. hydroxyl group. In the same way, 
if the hydroxyl group of hydroxylamine is substituted by a more 
or less negative group like —-R—-CH(NH2)—COOH, the resulting 
compound should be a less basic one than its mother substance. 
This is the case of canaline. 

On the other hand, if it is supposed that canavanine possesses a 
guanidine group, the fact that canavanine has a far smaller basic 
dissociation constant than arginine may be ascribed to the presence 
of the hydroxylamino oxygen atom rather than to the length of the 
carbon chain. 
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SUMMARY 


1. The apparent dissociation constants and the corresponding 
free energy change for canavanine and canaline have been deter- 
mined at 25°. 

2. It is shown that the basic group of canavanine is far weaker 
than the guanidine group of arginine and a little stronger than the 
imidazole group of histidine. The basic group of canaline other 
than the a-amino group is so weak that it is a little difficult to 
distinguish it from the a-amino group. 
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ON THE NATURE OF THE REACTION ‘WHICH TAKES 
PLACE BETWEEN CERTAIN AMINO ACIDS 
AND FORMALDEHYDE* 


By TETUO TOMIYAMA 


(From the Division of Biochemisiry, University of California Medical School, 
Berkeley) 


(Received for publication, May 13, 1935) 


The present paper deals with the determination of the equilib- 
rium constants of the reactions which take place between certain 
amino acids and formaldehyde, and with the postulation of the 
probable mechanism of the reaction. Since Schiff (1) showed 
that formaldehyde reacts with primary and secondary aliphatic 
amines, a number of papers on this subject have appeared. Séren- 
sen (2) applied the reaction to the determination of amino acids. 
Harris (3) studied the influence of formaldehyde on the dissocia- 
tion constant of amino acids, and used the behavior of the amino 
acid in formaldehyde as a proof of the zwitter ion structure. Levy 
(4) first worked out the equilibrium in the formol titration and 
concluded on the basis of a mathematical treatment of the data 
that 2 molecules of formaldehyde combine with 1 molecule of 
amino acid. On the other hand, a number of investigators (5) 
have isolated compounds from mixtures of amino acids or their 
salts and formaldehyde, and have found that the nature of the 
compounds depended on the conditions under which they were 
prepared. 

It is very interesting to know whether amino acids are capable 
of uniting with 2 or 3 molecules of formaldehyde as is indicated 
by Levy (4) and Bergmann (5), or else only 1 as was postulated 
originally by Schiff (1). As far as the present experiments go, 1 
molecule of an amino acid (except a basic one) may combine with 
1 molecule of formaldehyde in the alkaline region. The mecha- 


* Aided by a grant from The Chemical Foundation, Inc., and the Re- 
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52 Amino Acids and Formaldehyde 


nism of the reaction has been believed generally to involve the for- 
mation of a methylene compound by condensation. It has not 
yet been definitely shown, however, whether the reaction product 
is a methylene compound or an associated compound, the latter 
being assumed by Levy (4). It is postulated here that the reac- 
tion product most probably may be a molecular compound which 
is formed by the residual charge of both components or by coordi- 
nate valency. The probable reasons for this hypothesis are dis- 
cussed later. 

The equilibrium constant was calculated by using the amount 
of the molecular compound! which is formed at various concentra- 
tions of formaldehyde. The amount of the molecular compound 
is readily calculated, with the Henderson-Hasselbalch equation, 
by determining pH values before and after the addition of a certain 
amount of formaldehyde to the buffer system composed of an 
amino acid and its salt. 


pH, = pK’, + log ({A7]/[*A7]) | (1) 
pH; = pK’, + log ({A~ — z-]/[*A7])* (2) 
é 


1 This term is used to designate the reaction product for the reason which 
will be discussed later. 

* This formulation remains the same whether it is assumed that the 
anionic form of the amino acid or the zwitter ionic form reacts with formal- 
dehyde, because the H+ of the NH;* group is given off when NH3;* reacts 
with formaldehyde, and this H* is neutralized by the anion in the system 
which is now dealt with, yielding the equivalent amount of zwitter ion. 


Thus: 


NH2CH,0 
(1) R + CH.0 2 R 
COO- COO- 
A 
NH;* NH.CH.O 
(2) R + CH,0 @ + 


COO- COO- 


T. Tomiyama 53 


where A~ = the anion of the amino acid, *A~ = the zwitter ion 
of the amino acid, and z~ = the molecular compound formed. 
Method 


It has been noticed that when the pH of a solution containing 
formaldehyde is being measured by the hydrogen electrode, a 
considerable time is required to reach the equilibrium potential. 
A glass electrode which had an accuracy of pH 0.01 was used. 
The potential was measured by means of a DeEds glass electrode 
voltmeter (6) which was connected with a galvanometer having a 
sensitivity of 1O~-? ampere permm. The potential of the electrode 
was standardized daily by means of a standard acetate buffer. 
The electrode behaved theoretically up to pH 9.8. The diffusion 
potential was reduced very much by making a clear cut liquid 
junction between the solution under test and the saturated KCl. 
It is to be noted that if the electrical connection is made through 
the capillary of the stop-cock, the potential is not reproducible 
and shows erroneous results. All of the experiments were carried 
out at 25°. 

The formaldehyde used was Merck’s acid-free product. The 
concentration of formaldehyde solution was determined by 
Romijn’s method (7). The samples of amino acids were commer- 
cial products which were purified by recrystallization. 


Equilibrium Constant of Reaction 


The amount of the molecular compound which was formed, z-, 
was calculated by applying the principle aforementioned. The 
equilibrium constant was calculated by substituting the experi- 
mental values of z~ in the following formula. 


A~ + nF AF, Key = [27]/((A> — [F — (3) 
NH, NH;* 
R +HteR 
COO- 


pH2 = pK’. + log ([A~ — 27]/[tA~ — + 27]) 


As is shown later, however, it is more probable that the anionic form com- 
bines with formaldehyde rather than the zwitter ionic form. 
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The A.) values for glycine, alanine, and proline were calculated. 
In all cases, constant values were obtained only when 1 molecule 
of the amino acid is considered to react with 1 molecule of formal- 
dehyde. The results are summarized in Table I. 

By knowing the equilibrium constant and using the following 
formula, the pH change in the alkaline region of the amino acid 
buffer on the addition of various amounts of formaldehyde can 
be calculated and, furthermore, the end-point of the titration in 
the presence of a certain amount of formaldehyde can also be 
predicted.” 


pH = —log K. + pK’. + log ({z7]/{*A7]) — log [F — 27} (4) 


where A, = the equilibrium constant, A’, = the classical apparent 
acid dissociation constant, and [F'] = the concentration of form- 
aldehyde in moles. 

DISCUSSION 


Sorensen (2) supposed that the reaction involved in the formol 
titration might be as follows: 


COOH COOK 
R + HCHO + KOH R + 


This hypothesis was based on the reaction product which Schiff 
had isolated and is generally adopted in many text-books. The 
reaction product in question was isolated by a number of workers 


? The calculated pH values at the end-point of the formol titration in 10 
per cent formaldehyde are as follows: glycine 8.49, alanine 9.50, and proline 
9.25, respectively. The derivation of the formula is as follows: 


K, = |z7]/({A~ — — log K. = log — 27]) — log [F — 27]; 
*A- + OH- A~ + H,0; = ([+A-] log K. = log K,/ 
(*A~].[OH-].) — log [F — 27]; — log [H*]. = — log K. + log (K,/K.) + 
log ((z-]/[*A7].) — log [F — 27]; pH = — log Ke + pK’. + log (lz7]/[*A7].) — 


log [F' — z-] where [ ]. = the equilibrium concentration, K, = the zwitter 3 
ion constant, K, = the classical constant, and K, = the dissociation con- 
stant of water. 
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besides Schiff. The isolated compounds seemed to be variable, 
depending on the conditions for their preparation. Bergmann (5) 
isolated a triformyl compound of glycine from neutral solution, 
and observed the transformation of the triformy]l into monoformy] 
compound by the addition of baryta. In connection with these 
facts, the polymerization and depolymerization of formaldehyde 
seem to play an important role. In acidic and neutral solution, 
formaldehyde exists mostly in the polymerized form (8), but is 
depolymerized by changing to an alkaline reaction. Jahoda (9) 
has shown recently that the formaldehyde is depolymerized with 
the increase of hydroxy] ion and with the rise of temperature. 

The calculation of the equilibrium constant,* reported in the 
present paper, shows that 1 molecule of amino acid combines with 
1 molecule of formaldehyde from pH 10.0 to 8. This is also true 
in the case of l-proline. According to Sérensen’s hypothesis, 
however, the condensation compound, (CsH;O2zNK)2. = CHa, is 
expected to result. It is rather reasonable, therefore, to presume 
that the removal of hydrogen by condensation with formaldehyde 
may not be involved necessarily in the reaction. The mode of 
reaction between amino acids and formaldehyde which does not 
involve the condensation between two components will be clearly 
understood by considering the modern electronic theory of valency. 
A formaldehyde molecule exists as the dipolar molecule, 7.e. 


CH.O, since a formaldehyde molecule has a very large dipole 
moment. On the other hand, the amino or imino group of the 
anionic form of amino acid has 2 unshared electrons. If formal- 
dehyde is added, therefore, to an amino acid solution, two compo- 
nents are expected to react by a coordinate valency, the lack of 
2 electrons in the carbon atom of formaldehyde molecule being 
supplied by 2 unshared electrons of the amino group as illustrated 
in the following formula.‘ 


HH 
we ee ee + 
‘0:0:C:N! or OOC—CH,—NH,—CH.O 


3 It was assumed that formaldehyde might exist in the depolymerized 
form around pH 9, hence the analytical concentration of formaldehyde was 
used for the calculation of the equilibrium constant. 

‘This type of expression for the coordination compound has been 
adopted according to Sidgwick (10). 
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It follows that an NH3 group in which the negative residual charge 
of —-NH:z is changed to a positive one has less tendency to form the 
molecular compound. 

If neutral formaldehyde is added to a neutral solution of amino 
acid or its ester, a molecular compound should form between 
polymerized formaldehyde and the amino acid or its ester. This 
is why Bergmann (5) was able to isolate a triformyl compound. 
This also explains why Levy (4) obtained results which showed 
the formation of a diformyl compound. By the addition of a 
large amount of formaldehyde, the pH of the half neutralized 
amino acid was lowered to pH 4, under which conditions aldehyde 
exists in a polymerized form. It may not be safe to draw any 
conclusion from experiments which deal with high concentrations 
of formaldehyde where the accuracy of the determination of the 
pH by means of the hydrogen electrode is quite doubtful and the 
dielectric constant of the solution may be changed a great deal. 
By careful inspection of Levy’s data, it will be noticed that in the 
pH range above 8 the monoformyl compound seems to predomi- 
nate. The foregoing mechanism of the reaction is to be regarded 
for the present as a hypothesis which fits the known facts. 

Another type of mechanism which should be taken into consid- 
eration is the neutralization of free amino groups by means of the 
very weak acidic group of formaldehyde. Formaldehyde combines 
with sodium hydroxide at a high pH. The pK, value of formal- 
dehyde was determined recently to be 12.9 by Levy (4). There 
may be one objection to this idea; vz., at pH 9, or less, when form- 
aldehyde is able to react with amino groups, the ionization of 
formaldehyde as an acid does not take place and so there is the 
least possibility for neutralizing the amino group. 

A polarographic study with the mercury dropping cathode (11) 
was also made to elucidate the mode of combination between 
amino acid and formaldehyde. The results showed that, in 
alkaline solution, the diffusion current of formaldehyde which 
corresponds to the concentration of formaldehyde did not change 
whether or not glycine was added. When the glycine is added to 
formaldehyde, almost all of the formaldehyde is in combination with 


5 The polyformyl compound may be formulated as follows: "OOC—CH, 
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glycine as is seen from the value of the equilibrium constant. If 
formaldehyde should condense with the glycine, forming the 
methylene compound, it might be expected that the observed 
reduction potential should be appreciably different from that of 
formaldehyde. This was not the case, so the conclusion will be 
drawn that formaldehyde combines with the amino acid without 
the substantial change in its constitution. 

The value of the equilibrium constant for glycine is almost 9 
times as great as that for alanine. Glycine has, therefore, a 
strong affinity for formaldehyde. This explains why glycine forms 
a stable molecular compound with picrie acid in contrast to the 
other monoamino acids. 

Harris (3) explained the shift of the titration curve of the amino 
acid which takes place by the addition of formaldehyde by assum- 
ing that the K’, value of the amino acid increases 1000-fold. The 
equilibrium constant of the reaction, however, was entirely neg- 
lected. The shift of the titration curve and each point on the 
titration curve in the alkaline region may be calculated from 
Equation 4. The shift of the curve is characterized by the amount 
of formaldehyde and the equilibrium constant. The formol 
titration curve does not deal with the free methylene fatty acid 
and its salt, but with a free amino acid and the sodium or barium 
salt of the molecular compound which is being formed during the 
titration. The inflexion point of the formol titration curve does 
not show the pK, value of the methylene fatty acid. It is to be 
emphasized, accordingly, that the course of the formol titration 
curve is characteristic of the formation of the addition compound. 


SUMMARY 


1. The calculation of the equilibrium constant of the reaction 
which takes place between certain amino acids and formaldehyde 
shows that 1 molecule of amino acid combines with 1 molecule of 
formaldehyde from pH 10.0 to 8. The values for glycine, alanine, 
and proline are 437 + 18, 50.1 + 4.9, and 67.3 + 3.4, respectively. 

2. The mechanism of the reaction in question is discussed. The 
reaction product most probably may be a molecular compound 
and not a methylene compound. 


The author is indebted to Dr. R. Brdiéka and Professor Carl 
L. A. Schmidt for their valuable advice. 


Py 


ee 


we — 


T. Tomiyama 59 


BIBLIOGRAPHY 


. Schiff, H., Ann. Chem., 310, 25 (1899) ; 319, 59, 287 (1901) ; 326, 348 (1902). 
. Sérensen, 8S. P. L., Biochem. Z., 7, 45 (1907). 
. Harris, L. J., Biochem. J., 24, 1080 (1930); Proc. Roy. Soc. Londen, 


Series B, 96, 500 (1923-24) ; 97, 364 (1924); 104, 412 (1929). 


. Levy, M., J. Biol. Chem., 99, 767 (1932-33) ; 106, 157 (1934). 
. Bergmann, M., Jacobsohn, M., and Schotte, H., Z. physiol. Chem., 131, 18 


(1923). Bergmann, M., and Miekeley, A., Ber. chem. Ges., 57, 662 
(1924). Bergmann, M., and Ensslin, H., Z. physiol. Chem., 146, 194 
(1925). Krause, H., Ber. chem. Ges., 61, 136, 542, 1556 (1918); 62, 
1211 (1919). Franzen, H., and Fellner, E., J. prakt. Chem., 96, 299 


(1917). 


. DeEds, F., Science, 78, 566 (1933). 

. Romijn, G., Z. anal. Chem., 36, 19 (1899). 

. Staudinger, H., and Liithy, M., Helv. chim. acta, 8, 65 (1925). 

. Jahoda, F. G., Casopis Ceskoslov. Lékdrnictva, 14, 225 (1934). 

. Sidgwick, N. V., The electronic theory of valency, London (1932). 
. Heyrovsky, J., Mikrochemie, 12, 25 (1932). 


1 
f 
q 
4 
6 
Land 
) 8 
10 
; 
by 
J 


| 


THE PRECIPITATION OF I[-, di-, AND m-CYSTINE BY 
PHOSPHO-12-TUNGSTIC ACID* 


By GERRIT TOENNIES ann MARGARET ELLIOTT 
(From the Research Institute of the Lankenau Hospital, Philadelphia) 


(Received for publication, May 29, 1935) 


Precipitation of cystine by phosphotungstic acid has been widely 
used ever since it was first demonstrated by Winterstein (1). 
However, up to the present, we have only fragmentary knowledge 
about the mechanism and the optimal conditions of precipitation. 
Various authors (2-6) observed that the phosphotungstic acid 
compounds of the optically inactive modifications of cystine are 
considerably more soluble than that of l-cystine. In connection 
with the isolation of cystine from hydrolysates (7) it appeared of 
interest to define the actual possibilities or limitations of this 
precipitation method by a quantitative study of the behavior of 
l-, dl-, and m-cystine with phospho-12-tungstic acid. Each of the 
three cystine modifications, separately and in mixture, was precipi- 
tated at 0° with varying amounts of phosphotungstic acid in a 
constant medium of nN HCl, and the cystine left in solution at 
equilibrium was determined by means of the cyanide nitroprusside 
color, since this method proved to be conveniently adaptable to 
cystine determination in the presence of varying amounts of 
phosphotungstie acid. ‘The empirical results obtained, which are 
plotted in Figs. 1 and 2, showed characteristic equilibria for each 
cystine modification. 

In view of the statement of Drummond (8) that the phospho- 
tungstate of cystine obtained in acid solution has the component 
ratio 3:2, in agreement with the prevalent composition of phospho- 
tungstates of amino acids (9, 10), the nature of the precipitates was 
not originally an object of our research. However, an analysis of 


* Aided by a grant for fundamental research from E. R. Squibb and Sons, 
A report of this work was presented before the meeting of the American 
Society of Biological Chemists at New York, March, 1934. 
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our solubility data revealed relations that seemed irreconcilable 
with a solubility equilibrium c,? X p,2 = K (where c, and p, repre- 
sent equilibrium activities of cystine and phosphotungstic acid) 
which should prevail in all cases if the precipitate has the constant 
composition suggested (8). We were thus led into an investiga- 
tion of the precipitates formed and found in no case the simple 
composition expected according to the literature. The unforeseen 


6} INITIAL MOLARITY 
or CYSTINE X 10? \ 

© 6.9(39m- 
O5+ o 7.5m- \ 
| | Q \ 
B14 9 20.0 m- 
23 | 
O R 
°. 

INITIAL MOLARITY or PHOSPHOTUNGSTIC ACID x 10° 


Fic. 1. Solubility equilibria between phospho-12-tungstic acid and m- 
cystine in N HCl at 0°. The ordinate represents the amounts of cystine 
left in solution at equilibrium. 


complexity of the cystine-phosphotungstic acid system that be- 
came apparent compelled us to limit the present study to estab- 
lishing the reproducibility of the unexpected combinations ob- 
tained, all of which were well crystallized products. The analyses 
of precipitates made under conditions used in the solubility deter- 
minations are summarized in Table [. More particular attention 
was paid to the compounds derived from (/-cystine, and preparations 
(Nos. 7, 9, 10 of Table I) were made with a highly purified phos- 
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photungstic acid without producing compounds differing from 
those obtained with less pure acids (except for possibly small 
differences in the water content), thereby eliminating the possibility 
that phosphotungstie acids other than the 1:12 type, such as the 
1:9 compound (cf. Wu (11)), might be involved. Photomicro- 
graphs of two l-cystine compounds are given (Fig. 3) to show the 
differences in crystal habit not only between themselves, but also 
from the photograph of cystine phosphotungstate given by Drum- 
mond (8). Since Drummond states that his preparations were 


in NITIAL_ MOLARITY 
or CYSTINE * 10° 

= 31 o 

& 20 
25 

z | \ 3.0 

= x 

- INITIAL MOLARITY or PHOSPHOTUNGSTIC ACID x 10 


Fic. 2. Solubility equilibria between phospho-12-tungstic acid and di- 
and l/-cystine in N HCl at 0°. The ordinate represents the amounts of 
cystine left in solution at equilibrium. 


recrystallized, and that his cystine salt remains unchanged on 
recrystallization, it was interesting to find that our two different 
l-cystine compounds gave an identical product (Preparations 11 
and 12, Fig. 3) on reerystallization, and that the latter appears 
identical in erystal form with that of Drummond, while its ana- 
lytical values are incompatible with the composition 3:2 assumed 
by Drummond on the basis of N determinations. 


EXPERIMENTAL 


Preparation of Cystines—The l-cystine used was at least 99.7 
per cent pure according to specific rotation (12). dl- and m-cys- 
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tine, recently separated by du Vigneaud and his associates, were 
prepared on the basis of their instructions (13), except that race- 
mization was effected in strong H.SO,;. A solution of 24 gm. of 
l-cystine in 80 ce. of 54 per cent H.SO, showed, after 46 hours 
boiling, less than 0.2 per cent of the original optical rotation, while 
the Sullivan test corresponded to 85 to 90 per cent of the original 
cystine. 18.5 gm. of crude inactive cystine were obtained which 
vielded, by repeated fractionation of the hydrochlorides, 4.0 gm. 


Preparation 7 Preparation 9 ~~ Preparations 11 and 
12 


Fic. 3. Crystals of l-cystine phosphotungstates (XX 50); cf. Table I. 
of dl- and 8.5 gm. of m-cystine, identified by the distinet erystal 
forms of the two compounds (14). 
dl-Cystine. S found 26.5, caleulated 26.67 
m-Cystine. ‘6 ‘* 26.2, 2). 67 
Analysis of Phospho-12-Tungstic Acid —Three methods were 
used for testing the purity of this compound: Method A. According 
to Miolati and Pizzighelli (15), drying at 110° leaves Hs[P(W 30,0); |! 


! The formula is written according to Keggin (16). 
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+ 7H.O, corresponding to a molecular weight of 3008, while on | 
ignition at low temperature HPO; + 12W0O; (2864) remains. 
Method B. According to the same authors titration to the phenol- 
phthalein end-point should consume 26 equivalents per molecule 
(decomposition of the complex to NazHPO, + 12Na.W0OQ,). 
Method C. In addition, we found that in alcoholic medium the 
complex acid is completely titrated at the first color change of 
thymol blue (17); 7.e., 3 equivalents of NaOCH; are consumed per 
molecule. 

To test these three analytical methods phospho-12-tungstic acid 
was prepared according to Wu (11) from sodium tungstate (Merck’s 
Reagent, according to Dr. Folin). Determinations by each 
method were carried out on two fractions (Fractions A and B be- 
low) successively crystallized out from a concentrated aqueous 
solution (100 gm. of phosphotungstic acid + 40 cc. of H2O) kept 
in an H2SO, desiccator (18). The crystals were quickly dried 
with filter paper and stored in sealed bottles. In the laboratory 
atmosphere efflorescence of the freshly isolated crystals took place 
at the rate of about 0.05 per cent loss per minute (observed over a 
period of 2 hours). 


Method A 


Fraction A Fraction B 


Loss on drying at 96- 97°................. 12.35, 12.32 
12.41, 12.40 | 12.41, 12.38 
16.42, 16.41 | 16.48, 16.46 


The porcelain crucibles containing the samples (3 to 4 gm.) were 
ignited directly over a sharp Bunsen flame for 10 minutes at a time 
until the weight (in stoppered weighing bottles) was constant. 
Very definite and reproducible values being obtained, special 
arrangements to control the heat (18) seem to be unnecessary. 


Method B 


Fraction A | Fraction B 


132.1. 132.1 


Neutralization equivalent (aqueous). ..... | 131.9, 132.2 
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In an alkaline medium decomposition of the complex is complete 
in a few minutes. The solution of the sample (about 0.25 gm.) 
in a measured (10 to 20 per cent more than the theoretical) amount 
of 0.05 Nn NaOH was allowed to stand for 5 minutes, half saturated 
with NaCl ((19), p. 143), and, after addition of phenolphthalein, 
acidified with standard HCl, boiled to expel COs, and titrated to 
the end-point with NaOH. The plain violet end-point obtained at 
boiling temperature with a cresol red-thymol blue indicator mix- 
ture ((19) p. 65) may be easier to distinguish. The accuracy of 
both end-points was found to be better than +0.1 per cent when 
mixtures of analytical grades of NasHPO, and NazWO, + 2H2O 
corresponding to 0.2 gm. of phospho-12-tungstic acid were acidified 
and titrated to the end-point in about 75 ec. of solution contain- 
ing 12 gm. of NaCl. 


Method C 


Fraction A | Fraction B 


Neutralization equivalent (alcoholic)... .. | 1139, 1140 | 1140, 1135 


The sample (about 1.5 gm.) was dissolved in 50 ec. of CH3;0H and 
titrated with 0.1 N NaOQCH; in CH;OH to the pure yellow color of 
thymol blue. If the yellow color does not persist after addition of 
50 ec. of CHCl, it is reestablished by another drop of NaOCHs. 


Calculation of molecular weight Fraction A | Fraction B 


By ignition, taking ignition residue as HPO; + 12WO; 3427), 3.429 
3427 3429 
By aqueous titration, equivalent weight X 26 3429 3435 
3437 3435 
By alcoholic titration, equivalent weight K 3 | 3417 3420 
3420 3405 
Calculated for + | 3422 


On the basis of the value 3426, 3001 (Fraction A) and 3002 (Frac- 
tion (B) or H; [PC(W30,0)4] 4 6.6H.O result for 110°. 

Substantial agreement of the three methods on two different 
crystal fractions appears to be good evidence for the purity of the 
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compound since the presence of any significant amount of the 1:9 
phosphotungstice acid should reveal itself, especially by a lower 
equivalent weight in the alcoholic titration. Of different commer- 
cial products tested only one obtained from Schuchardt (Gorlitz, 
Germany) gave concordant results by the three methods; mean 
value 3338 +9. This substance was used for the solubility 
determinations. 

Cyanide-Nitroprusside Test—The quantitative form of the test 
used has already been described (20) except that in the present work 
about 0.007 mm phospho-12-tungstie acid (1 drop of solution) was 
added to the standards before addition of the cyanide, since pres- 
ence of the complex acid increases the color intensity by about 50 
percent. The effect, however, is independent of the amount of the 
acid over a wide range; no color differences were visible between 
identical cystine tests containing 0.0004, 0.0012, and 0.01 mm 
phosphotungstic acid. <A turbidity of tungstie oxide which does 
not subsequently dissolve may form in the presence of the higher 
phosphotungstie acid concentrations after addition of the cyanide 
unless the latter is followed immediately by the ammonia and the 
solution is then at once vigorously stirred, thus forming soluble 
tungstate before the insoluble form of the oxide can appear. The 
other reagent concentrations (20) were arrived at by systematic 
variation of the different components as giving optimal color stabil- 
ity and minimal response to variations in salt, cyanide, ammonia, 
and nitroprusside concentrations. If the unknown cystine con- 
centration is determined to the nearest estimated quarter of an 
interval between two standards and if it matches in or above the 
range of optimal comparability (0.0009 to 0.0012 mM) the probable 
error of the single determination, calculated from 183 determina- 
tions, is about +5 per cent. When about twelve unknown solu- 
tions were compared with the standard series and, after comple- 
tion, comparison was repeated by the same or another operator, 
the second values were, on the average, 2 per cent lower than the 
first ones. 

Method of Solubility Determinations—Definite amounts of cystine 
and phosphotungstic acid are combined to a total volume of 10 cc., 
containing 10 mm HCl, in a 175 K 22 mm. lipped Pyrex test-tube. 
The tube is closed by a cork stopper through the center of which 
passes a piece of Pyrex tubing, of 8 mm. bore, 36em. long. Three 
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layers of Whatman No. 42 filter paper are tied with string over the 
lower end of the tubing and sealed tight with paraffin. The filter 
tube thus formed is lowered into the test-tube to within a few cm. 
of the surface of the liquid, and the top of the filter tube is closed 
by a small stopper. Twelve test-tubes thus equipped are sus- 
pended in a glass jar with crushed ice, by means of a wooden cover 
carrying twelve holes. After being left at 0° for at least 48 hours 
the filter tubes are lowered into the solutions, a suitable amount of 
clear filtrate is drawn up into the filter tube by suction, and 1 to 3 
cc., to be used for the cystine determination, are pipetted out 
without removing the test-tubes from the ice. New filter tubes 
are then inserted and the determination is repeated after another 
24 hours, until the cystine concentration of the filtrate is constant. 
Establishment of equilibrium cannot be expected with certainty 
in less than 72 hours. 

While Gulewitsch (21) and Drummond (8) recommended acidifi- 
cation with H.SO, in a concentration of 1 N (5 per cent), for the 
present work with cystine N HCl was chosen as the constant 
medium, the solubility appearing relatively independent of small 
variations in the HCl concentration; with initial concentrations of 
0.033 mM phosphotungstic acid and 0.020 m m-cystine the following 
equilibrium concentrations of cystine (M X 10°) were found: in 0.1 
N HCl 0.83, in 1 Nn HCl 0.50, in 2 N HCl 0.83, and in 5 n HCl 3.1. 

Preparation and Analysis of Cystine Phosphotungstates—Phos- 
photungstates were prepared under conditions used in the solubil- 
ity determinations and after several days at 0°, the precipitates 
formed were filtered on an ice-cooled Buchner funnel, sucked dry, 
and analyzed. In the analysis we used (a) determination of sulfur 
by a modification of the Blix KMnQO, method (22) after removal of 
phosphotungstic acid by amy] alcohol (23). Control experiments 
on cystine (0.1 gm. samples) gave, in the presence of 1 gm. of 
phosphotungstic acid, 26.60 per cent 5S, and in the presence of 2 
gm. of phosphotungstic acid, 26.96 per cent S (theoretically 26.67 
per cent S); (6) determination of phosphotungstic acid by ignition. 
After being dried to constant weight at 110°, the sample of precipi- 
tate (about 2 gm.) was repeatedly treated with 20 drops of fuming 
HNO; and ignited for 10 minutes until the residue was constant. 
Two such ignition residues were redissolved by heating with excess 
0.05 n NaOH, the solution was acidified with HCl, and titrated 
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after half saturation with NaCl (as above under analysis of phos- 
photungstic acid); found 1 milli-equivalent = 0.1101, 0.1111 gm. 
(theory for composition HPO; + 12WO;, 2.864/26 = 0.1102); 
(c) determination of l-cystine by the optical rotation of the phos- 
photungstates in acetonic solution. Cystine phosphotungstate 
being soluble in aqueous acetone (8), specific rotations of l-cystine 
in the presence of phosphotungstic acid were determined. In 
n HCl, containing 31 to 32 per cent (by volume) of acetone, within 
the concentration range of 2.5 to 4.8 gm. of cystine per 100 ce. in 
the presence of 27 to 60 gm. of phosphotungstic acid [a]? was 
found equal to —236° + 2° with a temperature coefficient of 
—2.2°. 

All results are reported in Table I. Columns 3, 4, and 6 show 
the amounts used and obtained, calculated uniformly per 1000 ce. 
of N HCl (except Preparations 11 and 12). Column 12 is obtained 
by deducting the amount of cystine found from the total ignition 
loss. In Column 2 “Schuchardt I” refers to the product men- 
tioned on p. 69, “Schuchardt II” is another product which gave 
as molecular weights 3138 by the ignition method, 3075 by alco- 
holie titration, and 3250 by aqueous titration, ‘According to Wu” 
represents a crystallization from the mother liquor of the two 
crystal fractions described on p. 67, while “According to Wu, 
recrystallized” refers to those two fractions themselves combined. 
Recrystallization of Preparations 7 and 9, either from water of 80° 
(10 gm. and 120 ce.) or by dissolving 10 gm. in 10 ce. of acetone; 
filtering, and precipitating by 110 cc. of water and leaving on ice 
overnight, gave crystals like those shown in Fig. 3 (Preparations 
11 and 12). Actual recrystallization for analysis (Preparations 
11 and 12) was done by the acetone method as there was some 
evidence of decomposition on hot recrystallization. 


DISCUSSION 


The normal composition of phosphotungstates, 1 molecule of 
acid to three basic groups, is based theoretically on the 
assumption of three acid groups, such as would be expected 
from the structure H3[P(W3Q0,0)s] advanced by Keggin (16). 
While titration with sodium methylate (cf. experimental part) 
indicates that, at least in alcohol, there are three sharply 
defined groups of strong acidity, it is significant that Barnes 
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and Peters (18) found in their titration curve evidence for 
reversible dissociation of more than eight acid groups. By colori- 
metric pH determinations on aqueous solutions neutralized to 
different degrees and diluted to different concentrations we found 
evidence (Table II) for a total of six completely dissociated acid 
groups, the same number that was postulated by Miolati and 
Pizzighelli (15) on the basis of electrometric titration. Consider- 
ing that the phosphotungstates studied were obtained in a medium 
of 1 N acidity where dissociation of even strong acid groups might 
be repressed, it would, therefore, seem that amount and constitu- 


TABLE II 


Colorimetric pH Determinations of Phospho-12-Tungstic Acid Solutions, 
Neutralized to Different Degrees and Diluted to Different Concentrations 


Concentration | Hs! P(WsO yo 
M | pH pH pul pHi 
1x 10°? 1.2 1.2 1.2 1.6 
1 xX 10 °° 2.2 2.4 2.4 2.6 
ix 3.2 3.5 3.5 3.5 
1 x 10°° 4.25 4.3 4.5 4.6 


found, average 6.1 10°" 4.6 4.2 10°"| 2.8 K 10™ 
lH *] calculated for 
complete dissocia- 
tion of 
6 acid groups 6.0 K 10", 5.0 K 10°" | 4.0 10°" | 3.0 K 10°" 
(3.0 K 10"), 2.0 K 10°") 1.0 K 10™ | 1.0 K 


tion of precipitates might be determined not only by mass action 
equilibria between the two components,? but also by variations in 
the degree of dissociation of the acid groups of the phosphotungstic 
complex. Different ionic species of cystine also may have to be 
considered although in N HCl formation of the divalent cation is 
practically complete. 


2 This factor seems not to have been considered when it was postulated 
((24) p. 373) that ‘‘the amount of nitrogen remaining in the filtrate . . 
should be constant if ordinary solubilities are involved,”’ since this assump- 
tion, namely that with a constant initial phosphotungstic acid concentra- 
tion the equilibrium concentration of base should be independent of the 
initial concentration of base, ignores the variations in the final phospho-- 
tungstic acid concentration due to the amount entering into the precipitates. 
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In the literature on phosphotungstie acid compounds no prec- 
edent was found for odd component ratios as here disclosed, unless 
some fairly wide deviations from the normal ratio of one phospho- 
tungstic acid to three basic groups in the actual analytical values, 
such as 1:2.3 in the aspartic acid compound, 1:2.7 with asparagine 
(9), 1:3.5 with histidine, 1:3.75 with arginine, and 1:2.5 with phen- 
ylalanine (8), may be taken as indications of the existence of abnor- 
mal compositions, along with the statement (9) that in the glutamic 
acid compound the ratio varies between 1:0.8 and 1:0.4. 

The present work is submitted as a step in the general study of 
phosphotungstic acid precipitation, which has, so far, resisted 
exact. theoretical analysis, revealing new difficulties on every 
approach (18, 24). From a practical view-point it showed that in 
x HCl, m-cystine can be precipitated to a residual concentration 
of about 5 X 10~* Mo in the presence of about 2 X 10-? m phospho- 
tungstic acid, while the approximate minimum concentrations and 
corresponding equilibrium concentrations of phosphotungstic acid 
are, for dl-eystine 1.5 10-> mM and 4 X 10-? and for l-cystine 
1X 10°-'m and1 X 10°? m. These values of the magnitude of 
10~* m are represented by the lowest points of Fig. 2. 


SUMMARY 


1. Optimal conditions for the precipitation of the phospho-12- 
tungstates of [-, dl-, and m-cystine were established, under which 
even the more soluble cystine modifications may be precipitated 
with a high degree of completeness. 

2. Previous statements regarding the constitution of cystine 
phosphotungstates could not be verified. In a constant medium 
the erystalline precipitates vary in their composition according 
the component ratios used. 

3. Methods of analysis are given for phosphotungstie acid and 
for cystine phosphotungstates. 
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LEAF CAROTENES 
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(From the Carnegie Institution of Washington, Division of Plant Biology, 
Stanford University, California) 


(Received for publication, May 7, 1935) 


When this investigation was commenced, the properties of caro- 
tenes from twelve leaf sources were to be found in the literature. 
Six of these preparations, examined spectroscopically by Smith 
and Milner (1), showed differences ‘‘which may be ascribed either 
to the presence of other carotenoids or to differences in the struc- 
ture of the carotenes themselves.” ‘The carotene fraction from 
carrot leaves (2), prepared by a method described by Smith (3), 
was found to contain, when adsorbed on fibrous alumina, besides 
a- and 6-carotenes, a trace of a carotenoid component much more 
strongly adsorbed than either, which was at that time tentatively 
identified with y-carotene. Traces of similar components have 
since been obtained from most of the leaf carotenes reported in 
this paper. Whether they are hydrocarbons, or one or more of 
the monohydroxyxanthophylls isolated by Kuhn and coworkers 
(4) has not as yet been satisfactorily settled. 

A survey was therefore made of carotenes from leaf sources to 
establish more definitely the nature of those components which 
could be isolated, and to determine, inter alia, whether differences 
existed within the carotene components themselves, by a study 
of some of the physical properties of the carotene fractions from a 
wide variety of plants. 


EXPERIMENTAL 


In this paper are reported the properties of leaf carotene prepara- 
tions from 59 different species of plants, of which five were isolated 
by the earlier method (3), and the remainder by passage of a petro- 
leum ether-crude leaf extract over a column of magnesia (5). 


* National Research Council Fellow. 
75 


an 


+. 
‘4 
} 
J 
a 
7 
. 
= 


76 Leaf Carotenes 


Where practicable, the leaves were placed in a drying oven over- 
night at 40—50°, then powdered, and steeped in petroleum ether. 
Where drying was inefficient owing to the waxy or resinous nature 
of the leaf, dehydration was accomplished as follows: the leaves 
were passed through a hand chopper, steeped in methanol for 12 
hours, after which the pulp was filtered, pressed, and steeped in 
petroleum ether. The methanol extract was also extracted with 
petroleum ether. The petroleum ether extracts were then con- 
centrated under reduced pressure, cooled, and passed over the ad- 
sorbent. The subsequent processes of crystallization and further 
purification have been adequately described (1, 5). 

In all cases, the major constituent of the leaf carotene fraction 
was 8-carotene, the percentage of a-carotene ranging from 0 to 35. 
In the list of plants shown in Table I the nomenclature follows 
Jepson’s “Manual of flowering plants of California,” and Bailey’s 
“Standard cyclopedia of horticulture.” For brevity, the common 
names are used elsewhere. 

Yields—In the third column of Table I is given the yield of caro- 
tene after purification and recrystallization from n-heptane, per 
kilo of fresh plant material. Considerable variation is to be ob- 
served, to which no significance can be attached. In the case of 
alfalfa and flax, the leaves were not readily separable from the 
stalks which were necessarily included in the extraction. The 
Eucalyptus and Dracena extracts contained a high proportion of 
colorless unsaponifiable material, the elimination of which ma- 
terially reduced the yield of carotene. The leaves of the apricot 
and Virginia creeper were obtained late in the season. Such ma- 
terial cannot be compared with the non-cultivated plants most of 
which were obtained at the time of most luxuriant growth. Fur- 
thermore, the various leaves contain markedly different propor- 
tions of non-photosynthetic tissue. A comparison of the yields 
of pigment from sunflower and Draczena, for example, based on 
the weight of mesophyll tissue, would show much less difference 
than comparisons based on total leaf weight, whether fresh or dried. 

On a fresh weight basis, the potato leaves contain 0.003 per cent 
carotene, comparable with 0.0025 per cent for sunflowers (3). Del- 
eano and Dick (6) report yields of 0.007 and 0.008 per cent of 
crystalline carotene on the same basis for the leaves of Salix and 
Populus. Colorimetrically they estimate concentrations of caro- 
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TABLE I 


Properties of Carotenes from Various Leaf Sources 


fresh point a-caro- 
Family Genus and species weight tene 
mg. 8 per cent 
Composit2 Helianthus annuus, L. 14.2 | 180.2 | None 
Silybum marianum, Gaertner 7.6 | 178.0 - 
Latuca sativa 3.0 | 178.0 " 
Taraxacum officinale, Weber 6.1 | 179.6 2 
Petasites palmata, Gray 3.0 | 178.0 | Trace 
Cucurbitacex Echinocystis fabacx, Naudin 4.3 | 178.2 | None 
Cucurbita maxima (Hubbard 23.8 | 179.0 | Trace 
squash) 
Myrtacex Eucalyptus globulus, Labill- 9.0 | 179.1 | None 
ardi¢re 
Rubiacee Coprosma baueri, Endlicher 4.0 | 175.1 5 
Umbellifere Daucus carota, L. 7.4 | 176.0 | 10 
Petroselinum hortense 7.5 | 178.0 5 
Araliacez Hedera helix, L. 9.0 | 171.5 | 10-15 
Fagacee Quercus agrifolia, Nees von Esenbeck (only a | 5 
few leaves examined) 
Sapindacee Esculus californica, Nuttall 13.8 | 176.8 | 10 
Vitacez Parthenocissus  quinquefolia, 3.0 | 175.7 5 
Planchon 
Rosacee Prunus armeniaca 6.3 | 180.2 | None 
Photinia arbutifolia, Lindley 90 | 175 Trace 
Leguminos Medicago sativa, L. 4.2 | 175.8 
Labiatz Mentha arvensis, L. 4.7 | 178.5 | None 
Bignoniacee Catalpa bignonioides, Walter 12.1 | 179.1 ™ 
Boraginacee Amsinckia douglasiana, De 6.0 | 178.0 | 5 
Candolle 
Convolvulacee | Cuscuta salina, Engelmann 12.5 | 177.0 | 5 
Solanacex Solanum tuberosum 30.3 | 178 3 
Solanum nigrum, L. 7.4 | 176.8 | Trace 
Lycopersicum esculentem, Miller, 22.2 | 180.2 3 
Nicotiana tabacum, I.. 13.4 | 180.7 | Trace 
Primulacee Anagallis arvensis, L. 5.0 | 179.1 | None 
Plantaginacee Plantago lanceolata, I.. 5.6 | 178.0 3 
Chenopodiacere | Chenopodium album, L. 10.0 | 180.2 “ 
Caryophyllacee | Stellaria media, L. 3.7 | 177.0 | Trace 
Linacee Linum sativum 2.0 | 181.5 | None 
Euphorbiacee Ricinus communis, L. 32.1 | 175.7 | Trace 
Rutacexe Citrus maxima 3.0 | 171.5 | 5-10 
Malvacer Malva parviflora, 1. 18.0 | 179.1 3 
Urticacer Urtica urens, 178.5 
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TABLE I-—Concluded 
fresh point a-caro- 
Family Genus and species weight tene 
mg. per cent 
Moracez Ficus carica, L. (only a few leaves examined) 5 
Theacee Thea sp. 1.5 | 175.7 | 10 
Camellia sp. (only a few leaves examined) 7 
Crassulacee Sedum acre, L. (extremely low carotene content) | 5 
Ranunculacee Ranunculus californicus, Ben- | 3.5 | 178.0 5 
tham 
Magnoliacee Magnolia grandiflora, L. 11.8 | 169.5 | 20 
Iridacee Iris germanica 9.1 | 174.6 | Trace 
Graminee Hordeum sativum (examined by Dr. Strain) None 
Bambusa sp. (examined by Dr. Strain) Some 
Zea mays 6.0 | 180.2 
Cyperacee Eleocharis palustris, Roemer 2.4 | 178.0 | None 
and Schultes 
Carex senta, Boott 22.8 | 179.1 
Juncacer Juncus balticus, Willdenow 8.3 | 177.0 | Trace 
Juncus tenuis, Willdenow 3.5 | 178.5 - 
Liliacee Dracexna draco, L. 5.0 | 177.5 | 5 
Arace® Zantedeschia xthiopica, Spren- | 19.8 | 179.1 | None 
gel 
Palmacee Washingtonia filifera, Wendland| 12.0 | 174 5-10 
Phaniz (? canariensis) 12.2 | 178 7 
Conifer Pinus radiata, Don 8.0 | 173 10 . 
Sequoia sempervirens, Engel- 8.5 | 175.1 | 10-15 
mann 
Libocedrus decurrens, ‘Torrey 8.0 | 159-160) 35 
Pteridophyta Pteris aquilina, L. 9.8 | 179.1 | None 
Bryophyta Moss sp. 3.0 | Impure} 10 
Thallophyta Chlorella vulgaris 28.0 | 176 5 


tene at 0.012 and 0.014 per cent, respectively, values comparable 
in magnitude with the spectroscopic determinations of Miller (7) 
who reports from 0.008 to 0.018 per cent of carotene for a series 


of leaves. 


Uncertainties of both fresh and dry weight of leaf 


material as a basis for comparison being admitted, it may still 
be possible that for climatic reasons much lower yields of carotene 
are obtainable in this region. 

Melting Points—Preparations which contained only 6-carotene 


melted (Table I) from 178-181.5° (Berl block, corrected). 


Varia- 


tions obtained by Berl and Kullmann (8) are of interest in con- 
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sidering the degree of uniformity of data attainable for the melting 
point of acompound. Furthermore, the generally accepted melt- 
ing point of 182° for 8-carotene is usually obtained from a small 
sample and frequently does not represent the melting point of the 
bulk of the carotene reported to have been isolated. The melting 
points of seven mixtures (approximate composition 1:1) of nine 


TABLE II 
Melting Points (°C.) of Various Preparations and Mixtures of 8-Carotenes 
(Berl Block, Corrected) 


Apricot | 

Apricot 180.2 179.1 
Manroot 

Manroot 178.2 Thistle 178.6 

Thistle 178.0 — 179.7 
Anagallis 

Catalpa 

A nagallis 179.1 179.7 
Corn 
Corn 

Catalpa 179.1 pea 179.7 

Corn 180.2 Flax | 179.1 
Squash) | 
Carer | 

Flax 181.5 ed | 180.8 

Squash* 178.5 | 

Carex 179.1 | 


* a-Carotene was not detectable in this crystalline preparation from 
squash leaves, but traces were demonstrated when the mother liquor was 
adsorbed onacolumn. (Maxima in 95 per cent ethanol, of first few drops of 
colored percolate: 478 my, 449 mu; these are intermediate between pure a- 
and pure §-carotenes. ) 


preparations of 8-carotene are given in Table II. No depression 
is noted. 

For preparations containing a-carotene, the data of Smith and 
Milner (1) show that the melting points depend on the proportion 
of a-carotene present. The lowest was 160.0°, from the incense 
cedar, and the next lowest from Magnolia (169.5°). These two 
gave the heaviest bands of a-carotene on the adsorbent, the former 
having 35 per cent a-carotene, the latter an estimated content of 
20 to 25 per cent. The melting points of all the others ranged 
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from 172-180°, and contain from barely perceptible traces up to 
10 to 15 per cent of the a component. The melting points are 
undoubtedly affected by small traces of impurities which cannot 
be readily removed by further recrystallization without at the 
same time markedly reducing the a-carotene content of the crys- 
tals. 

Absorption Spectra—The molar absorption coefficients of eleven 
different preparations of the 6-carotene fraction (from apricot,! 
calla-lily,! flax,! mint, Carex, corn, potato, ribwort, lettuce, dande- 
lion, bracken) were determined spectrophotoelectrically for a num- 
ber of wave-lengths, and the curves were superimposable. Indi- 
vidual values at the maxima were identical within the experimental 
error of +1 percent. The mean value for e, the molar absorption 
coefficient, in liters per mole cm., in carbon disulfide was 10.42 
(X 10‘) with a mean deviation from the mean of +0.04 (X 10*) 
at 483 mu, and 9.24 + 0.05 (X 10*) at 512 mu, for the eight prepa- 
rations determined by the writer.2. They checked with three 
earlier values determined by Dr. Smith within +1 per cent. The 
maxima were also determined visually for all samples with a 
Bausch and Lomb spectrophotometer, within +1.5 my. In ear- 
bon disulfide, they were at 513 and 483 mu, and in 95 per cent 
ethanol at 481 and 452 mu, for B-carotene. For the a component 
in the latter solvent, maxima were found at 475 and 445 mu. 

Optical Activity—Limitations of the polarimetric method applied 
to carotenes containing small percentages of the optically active 
component have already been discussed ((9) p. 48). Specific rota- 
tions of various preparations are as follows: sunflower +0°, carrot 
+37°, buckeye +32°, apricot +0°, Catalpa +0°, dodder +18°, 
potato +13°, tomato +14°, lamb’s-quarters +0°, castor-bean 
+0°, flax +0°, mallow +14°, nettle +31°, corn +0°, Carex +0°, 
Phenix +26°, incense cedar +124°. Determinations were made in 
benzene with the 6678 A. helium line and a 1 dm. tube (with the 
exception of the incense cedar, for which a 2 dm. tube was used). 
In the majority of cases where a-carotene is present, the proportion 
of this component ranges from 1 to 10 per cent. In the cases of 


! Values determined by Dr. Smith. 
4 The writer is indebted to Dr. J. H. C. Smith for advice and helpful 
suggestions in making these determinations. 
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the castor-bean, squash, and toyon leaves, the amount present 
was Just perceptible. 

Of special interest are the members of the tea family. Carotene 
from fresh green tea is reported (10) with a specific rotation in 
carbon disulfide of [alo = +353° to +398°. This would indicate 
80 to 100 per cent a-carotene. The only plant sources available 
to the writer from the tea family were dried green tea from a local 
importing house, and a few green leaves from a species of Camellia. 
Three trade brands of tea were examined: Chinese gunpowder, 
Japanese spider-leg, and Japan green. Considering the yields, the 
main portion of the carotenoids must have been destroyed during 
drying. However, from 5 pounds of the spider-leg tea, 2 to 3 mg. 
of recrystallized carotene were obtained, m.p. 176.5°. Colori- 
metric comparison of the pigments after separation on a column 
of magnesia indicated less than 10 per cent of the carotene to be 
the @ component. The absorption maxima for the less strongly 
adsorbed band were at 474 and 447 my in ethanol and for the other 
at 480 and 453 mu, indicating a- and #-carotenes respectively. 
The carotene from Camellia (19 gm. of leaves, fresh weight) was 
similarly estimated to contain approximately 7 per cent a-caro- 
tene. It must be frankly admitted that no direct comparison is 
permissible between the a- to B-carotene ratios from fresh green 
material properly handled, and from a trade dried product several 
months old. 


DISCUSSION 


The uniform behavior of the various B-carotenes makes it reason- 
able to assume the identity of these preparations and to ascribe 
the differences noted by Smith and Milner at least in part to 
traces of other carotenoid components rather than to possible 
structural differences within the B-carotenes themselves. 

It is suggested by Karrer and Schlientz (11) that the 6-carotenes 
heretofore isolated contain traces of the a component. In several 
cases it has been possible to substantiate this. In the cases of the 
toyon leaves, a very faint band is detectable, estimated at less than 
0.5 per cent of the total carotene. It is hazardous to assign a lower 
limit to the percentage of a-carotene detectable on an adsorbent, 
especially when a crude leaf extract is used, as the presence of im- 
purities modifies both the adsorption of a given component, and 
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the proportion of it which is recoverable. lor the group of leaves 
listed as containing only 6-carotene, two (sunflower and corn) were 
studied in detail. Approximately 10 mg. samples of each carotene 
preparation were adsorbed on long narrow columns (20 cm. 
xX 0.5 cm. in diameter) of magnesia and lime. Such conditions 
would be most favorable for detecting any a-carotene in the first 
few drops of colored percolate. All four cases, however, showed 
the absorption spectrum of 6-carotene. 

It has been shown (12) that the values of the absorption co- 
efficients may be reproduced spectrophotoelectrically within +0.6 
per cent at the maxima, for a- and 6-carotenes. The absolute 
differences between a- and §-carotenes are sufficiently small in 
the more accurately measured portions of the curve (between 4300 
and 4800 A.) that the uncertainties in determining the two stand- 
ards and an unknown render the percentage error considerably 
higher. In the spectral range cited, the maximum difference be- 
tween the two carotenes is nowhere greater than 40 units (in 
liters per gm.cm.). At 4600 A the value for B-carotene is, in 
round numbers, 230 + 1.5, and for a-carotene, 190 + 1.2, an un- 
certainty of at least 2 in 40, 7.e. +2.5 per cent. Where the differ- 
ence is less, the uncertainty becomes greater. 

Spectroscopic evidence alone can offer clues, but it does not 
necessarily solve the problems of pigment differentiation and 
identification, well shown in the early suggestions that lycopene 
might not be the pigment of the red pepper, verified only when 
Zechmeister isolated the pigments present. Similarly, the iden- 
tity of the a- and 8-carotene fractions can only be established by 
this procedure. Finding variations in the a to 6 ratio from differ- 
ent sources, the writer (9) first attempted to establish possible 
fluctuations in this ratio, with increase in age of the tissues. 
When no change was detected, it was assumed that the presence 
or absence of a-carotene in a leaf was a character of that plant 
even as the appearance of lycopene and capsanthin are char- 
acteristic of the fruits of tomato and red pepper. When leaves 
from calla-lily, Hucalyptus, dandelion, mint, and Catalpa, with 
widely different light and water requirements could be demon- 
strated to contain only the 6 component, and a similarly diverse 
group to contain an appreciable proportion of a-carotene, then no 
simple physiological explanation for the sporadic appearance of 


‘ 


G. Mackinney 83 


the a component was possible. ‘To date, physiological and genetic 
studies have shown how to modify the quantity, but have rarely 
varied the nature of the pigments present.* 

On a phylogenetic basis, it seems possible to make a few neces- 
sarily tentative suggestions. In the grasses, of thirteen examined 
by Miller (7) and of three reported here, only the bamboo contains 
a-carotene. No a-carotene is found in two species of sedge, closely 
related to the grasses. The rushes (which taxonomically are 
close to the lilies), Draczena (a member of the Liliacex), and two 
species of palm may be estimated to contain 5 per cent a-carotene. 
In two adjacent orders, Papaverales and Caryophyllales, the 
members of the mustard and spinach families, previously examined 
(1, 3), chickweed and lamb’s-quarters have either no a-carotene, 
or the merest trace. 

With greater refinements in methods, many of the leaves classi- 
fied here as containing no a-carotene may be found to contain 
traces of this component, and a more accurate picture will be ob- 
tained of the proportions of a- and 6-carotenes in a given leaf than 
has been possible in this paper where the amount of a-carotene 
obtained in crystalline form as a solid solution with the 6-carotene 
has depended as much on impurities which may be present, as on 
the amount of this component initially present in the leaf, and 
where the introduction of an adsorbent renders unpredictable the 
percentage recovery of a given component. 


SUMMARY 


In a survey of leaf carotenes from 59 different plant species, 
distributed in forty botanical families, it is shown that the major 
fraction is in all cases 6-carotene. The identity of different prepa- 
rations of this component is established. 

Forty of the 59 sources contain a-carotene in proportions vary- 
ing from traces to 35 per cent of the total carotene present. Men- 
tion is made of the presence of traces of other carotenoid com- 
ponents whose presence is only detected by means of an adsorbent. 

No adequate explanation is offered of the presence or absence 


3 In the ‘“‘white’’ carrot leaf, Strain has observed a trace of a carotenoid less 
strongly adsorbed than a-carotene. This has also been noted by Karrer in 
carotene from yellow carrot roots (13), but the component is seemingly 
absent from yellow varieties examined in this laboratory. 
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‘ of a-carotene in any specific plant. Phylogenetic considerations 
have been applied with fair success, in predicting that leaves of 
closely related plants or groups of plants will not differ materially 
in their carotene complexes. 


Acknowledgment is made to Dr. H. A. Spoehr and to all mem- 


bers of the Division for many helpful suggestions. 
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CAROTENE 


IX. CAROTENES FROM DIFFERENT SOURCES AND SOME PROPER- 
TIES OF a- AND s-CAROTENE 


By HAROLD H. STRAIN 


(From the Carnegie Institution of Washington, Division of Plant Biology, 
Stanford University, California) 


(Received for publication, June 1, 1935) 


The carotenes from a number of natural products have been 
isolated and separated by use of adsorption columns composed of 
magnesium oxide (1). All sources of carotene which have been 
examined contain 6-carotene as the principal component of the 
carotene mixtures. These mixtures frequently contain a-carotene 
as well as several carotenoids which are more strongly adsorbed 
than 8-carotene. The strongly adsorbed carotenes occur in such 
small quantities that they have not been identified. Three ma- 
terials (petals of the California poppy, leaves of the white carrot, 
and butter) were found to contain a carotene which was less readily 
adsorbed than a-carotene and which appeared to be identical with 
a similar carotene previously isolated from palm oil (1). 

Crystalline a-carotene has been isolated from leaves. It was 
identical with a-carotene isolated from carrot roots and from palm 
oil. The major constituents of leaf carotenes are therefore identi- 
cal with the major constituents of carotene from palm oil and from 
carrot roots (1-4). 

It has been observed that most sources of carotene, including 
leaves, contain colorless substances which influence the adsorption 
of carotene and which often crystallize with the carotene even after 
the latter has been isolated by adsorption. Although the ad- 
sorption method for the isolation and separation of carotenes sur- 
passes other methods in many respects, the preparation of carotene 
free from colorless impurities may occasionally be very difficult. 
Some modifications of the adsorption procedure, such as the use of 
chlorinated solvents in addition to petroleum ether, and extraction 
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and crystallization methods which facilitate the removal of color- 
less impurities from carotene are described in this paper. 

A few properties of a- and 6-carotene which may be of value in 
the identification of carotenoids have been determined. With 
the exception of the behavior upon adsorption columns, no proper- 
ties of the carotenoids have been discovered which are more char- 
acteristic or more readily determined with equally small quantities 
of material than the absorption spectra or the wave-lengths at 
maximum absorption. 


EXPERIMENTAL 


Crystalline a- and B-Carotene from Leaves—Dried leaves (995 
gm.) of the yellow carrot (Daucus carota, L., var. Early Dawson) 
were extracted with 5.5 liters of dichloroethane. The extract was 
evaporated at reduced pressure to a volume of about 100 ml. and 
passed over a column 6.6 X 22 em. filled with a 1:1 mixture of 
magnesium oxide! and heat-treated siliceous earth (Hyflo Super 
Cel F. A. 501). The column was then washed with dichloro- 
ethane until the carotene, which was not adsorbed, had been washed 
through the column. The carotene solution was evaporated to 
dryness at reduced pressure and the residue dissolved in petroleum 
ether. The resultant solution was passed over a fresh column 
(3 X 22 cm.) of magnesia and siliceous earth. The a-carotene was 
washed through the column and crystallized from n-heptane (1). 
Weight, 9.7 mg.; m.p., 183-184° corrected. When mixed with 
a-carotene from carrot roots the melting point was unchanged. 
Absorption maxima, 4894 A., 4602 A. (in benzenc).? 

 +0.470° X 13.35 


lalecg = 2.00 X 0.009635 = +326° + 12° (in benzene) 


The £-carotene was eluted from the column with ethanol and 
petroleum ether and crystallized from n-heptane (1). Weight, 
90.5 mg.; m.p., 179.5° corrected. This carotene was optically in- 


1 Micron Brand magnesium oxide No. 2641 purchased from the California 
Chemical Corporation, Newark, California ((1) foot-note 1). 

2 The absorption maxima reported in this paper were determined visually 
with a Bausch and Lomb No. 2750 photometer and a No. 2700 spectrometer. 
The recorded values are the averages of four determinations which rarely 
varied more than +7 A. from the mean. 
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active and its melting point was not lowered when the crystals 
were mixed with 8-carotene from carrot roots. Absorption max- 
ima, 4963 A., 4665 A. (in benzene). 

The carotenes from 1.1 kilos of dried leaves of the so called white 
carrot (Daucus carota, L., var. White Belgian) were separated by 
adsorption on magnesia. A carotene less readily adsorbed than 
a-carotene was washed through the column but attempts to 
crystallize it from methanol, ethanol, and ethyl acetate were un- 
successful due, in part, to the presence of large quantities of color- 
less hydrocarbons. The absorption maxima of this carotene were 
at shorter wave-lengths than 4000 A. in n-heptane and in carbon 
disulfide. 

The a-carotene from the white carrot leaves weighed 5 mg.; 
m.p., 185° corrected. Mixed with a-carotene from carrot roots 
and from palm oil, m.p., 184—185°. Absorption maxima, 4883 A., 
4585 A. (in benzene). 


$0.256° X 13.35 


= 200 Xx +342° + 12° (in benzene) 


The B-carotene from white carrot leaves weighed 90 mg. After 
recrystallization from n-heptane, the carotene melted at 180°. It 
was optically inactive. Absorption maxima, 4961 A., 4660 A. 
(in benzene). 

Recrystallized a-carotene (2.0 mg.; m.p., 181° corrected) and 
B-carotene (85 mg.: m.p., 181° corrected) were obtained from 1.94 
kilos of dried squash leaves. | 

Carotenes from Different Sources—By means of adsorption on 
magnesia the carotenes from the following leaves were found to 
consist of #-carotene with no a-carotene: Ailanthus altissima, 
Swingle (tree of heaven); Cynara scolymus, L. (artichoke) ; Erodium 
cicutarium, L’Heritier de Brutelle (filaree); Grevillea robusta, 
Cunningham (silk-oak); Hordeum vulgare, L. (barley); Lathyrus 
odoratus, L. (sweet pea); Medicago hispida, Gaertner (burr clover) ; 
Montia perfoliata, Howell (miner’s lettuce); Phoradendron villosum, 
Nuttall (mistletoe); Rumex pulcher, L. (dock); Schinus molle, L. 
(pepper-tree); Symphoricarpos albus, Blake (snowberry); Tropxo- 
lum majus, L. (nasturtium); Zauschneria californica, Presl; and a 
fresh water alga, Cladophora sp. 

Carotenes from the leaves of the following plants were found 
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to consist of B-carotene with small amounts of a-carotene: Berberis 
nervosa, Pursh (Oregon grape); Brachychiton populneum, Brown; 
Calycanthus occidentalis, Hooker and Arnott (sweet shrub) ; Cupres- 
sus macrocarpa, Hartweg (Monterey cypress) ; Eriobotrya japonica, 
Lindley (loquat); Hydrangea paniculata, Siebold; Phaseolus vul- 
garis, L. (var. Stringless green pod); Photinia serrulata, Lindley. 

Young garden peas and pods and a salt water alga (Ulva sp.) 
contained both a- and B-carotene. Petals of the California poppy 
(Eschscholtzia californica, Chamisso) contained a carotene less 
readily adsorbed than a-carotene and two carotenes more strongly 
adsorbed than B-carotene in addition to both a- and B-carotene.’ 

Butter obtained from Jersey cows on a ration of alfalfa and con- 
centrate’ yielded, after saponification, small quantities of a- and 
6-carotene and traces of a carotene more strongly adsorbed than 
6-carotene and a carotene less strongly adsorbed than a-carotene. 
6-Carotene (6.0 mg. in solution) and a-carotene (0.1 mg.) were 
obtained from 6 kilos of fresh butter. 2 mg. of the 6-carotene 
were recovered in crystalline form, m.p., 179.5° corrected. 

Red salmon oil5 was found to contain very little carotene (ap- 
proximately 0.7 mg. of B-carotene and 0.2 mg. of a-carotene in 2 
liters of oil). Traces of a strongly adsorbed carotene and of a very 
weakly adsorbed carotene were also obtained. 

Yellow pollen of Pinus radiata, Don, and of Pinus ponderosa, 
Douglas,® and the red flowers of Zauschneria californica, Presl, did 
not contain detectable quantities of carotene. 

Colorless Contaminants of Carotene—When extracts of natural 
materials were adsorbed on columns of magnesia, it was observed 
that the first portions of the percolate contained colorless, non- 
volatile substances a portion of which could be recovered in crys- 
talline form. Thus from 1.15 kilos of dried petals of the California 
poppy 1.56 gm. of colorless crystals, m.p., 56°, were obtained by 


3 The color of the petals of this poppy is due chiefly to the esters of a 
xanthophyll not previously known. The free xanthophyll (absorption 
maxima 5360 A. and 5030 A. in carbon disulfide) will be described in a subse- 
quent publication. 

4 Kindly contributed by the College of Agriculture of the University of 
California at Davis. 

5 Obtained from the Alaska Packers Association, San Francisco, 


California. 
6 Collected by the Institute of Forest Genetics, Placerville, California. 
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crystallization from ethyl acetate. Found: C 85.23, 85.18; H 
14.62, 14.80. Analysis of the crystals by comparative x-ray dif- 
fraction methods indicated the presence of palmitone or other 
similar substance a considerable amount of which could not be 
determined in the presence of a hydrocarbon by the combustion 
analysis. Because of the interference of these materials with the 
crystallization of the carotene, it is desirable to separate the por- 
tions of the percolate which precede the adsorbed carotene. 

In addition to the colorless substances which precede the ad- 
sorbed carotene in the column, there are other colorless substances 
which are more strongly adsorbed than @-carotene but which are 
often present in such high concentrations that they are washed 
rapidly through the column contaminating the adsorbed carotene 
and causing the latter to be eluted quite readily. In order to 
eliminate as many of these colorless substances as possible (the 
more strongly adsorbed of which exhibit characteristic sterol reac- 
tions) it is desirable to remove all the magnesia above that contain- 
ing the adsorbed carotene before eluting the latter. 

Even though the precautions mentioned above were carefully 
observed, the carotenes isolated from many leaves, those of the 
California poppy and of barley for example, were found to be con- 
taminated with colorless crystals. The colorless crystals from 
the poppy leaves melted at 82°, those from barley at 78-80°. 
From their behavior towards adsorbed carotene, towards 2,4- 
dinitrophenylhydrazine, and towards sterol reagents, it was pre- 
sumed that the colorless crystals were alcohols or mixtures of alco- 
hols. The carotene crystals were purified by extraction with 
warm petroleum ether followed by crystallization from dioxane 
and from two-layer systems composed of dioxane, methanol, water, 
and n-heptane. By this procedure 6-carotene was obtained which 
was identical with -carotene prepared by other methods. 
Whether or not such preparations still contain colorless impurities 
is of course open to question. 

Sinee the colorless substances which may contaminate the ad- 
sorbed carotene vary with the season and with the sources from 
which the carotene was obtained, minor modifications of the ad- 
sorption and crystallization procedures are frequently necessary. 
Thus, with certain extracts, separation of the carotenes may be 
effected on very short columns, while with comparable quantities 


* 
‘ 
+ 
5 
ia 
4 
>. 
‘ 

d 

‘ 

* 

t 

4 

t 


90 Carotenes from Different Sources 


of other extracts separation of the carotenes can be accomplished 
only by the use of much longer columns. Carotenes from certain 
sources are more readily purified by crystallization from alcohols, 
yet carotenes from other sources are purified most readily by crys- 
tallization from petroleum ether or from mixtures of solvents. 

Separate experiments with carotene and synthetic palmitone’ 
demonstrated that the latter did not affect the adsorption of caro- 
tene on columns of magnesia. The palmitone was adsorbed below 
the carotene. Synthetic dipalmitylearbinol,’ homologues of 
which are widely distributed in natural products (8-10), caused 
the rapid elution of carotene from magnesium oxide. When mix- 
tures of dipalmitylcarbinol, palmitone, and carotene were adsorbed 
on columns of magnesia, the dipalmitylearbinol caused the caro- 
tene to move through the column so rapidly that the carotene and 
palmitone were not readily separated. These experiments indi- 
cate that one substance may cause carotene to be contaminated 
by another substance ordinarily quite easily separated from the 
carotene. These and similar experiments have also demonstrated 
that columns of magnesia may be used for the isolation and separa- 
tion of colorless plant products. 

Optical Rotation of a-Carotene—The optical rotation has been 
determined in several solvents. 


+0.873° X 15.0 


Dichloroethylene, fal... = = +338° + 10° 
ichloroethylene, fa];\. 100 X 0.0388 + + 
+0.814° & 15.0 
B = = +344° + 10° 
+0.850° X 15.0 
Pyridine, = = _+362° + 10° 
0.967° X 15.00 
Carbon disulfide, = = +392° + 10° 


1.00 X 0.0370 


' Absorption Maxima of a- and 8-Carotene—These were observed 
in many different solvents with the object of finding those in which 


7 Prepared by heating palmitic acid with ferric oxide ((5), (6) p. 2074) 
and purified by adsorption on a column of magnesium oxide. M.p., 83- 
83.5° after recrystallization from benzene. 

8 Prepared by reducing palmitone with sodium (7) and purified by ad- 
sorption on a column of magnesium oxide. M.p., 84.5° after recrystalliza- 
tion from ethanol. 
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the maxima might be sharpest and most characteristic. In 
general, absorption maxima were most easily determined in hydro- 
carbons and symmetrical ethers, less readily determined in alco- 
hois, ketones, and esters, and least readily determined in acids and 
chlorinated hydrocarbons. It was observed that the absorption 
maxima of each carotene are shifted towards longer wave-lengths 
in solvents of the aromatic series, in unsaturated solvents, and in 
higher members of a homologous series. In all these solvents, 
the difference between the two wave-lengths at maximum absorp- 
tion of each carotene was the same (about 300 A). The differ- 
ence between the corresponding maxima of a- and 8-carotene was 
also constant (about 60 A). 

Carotene and Antimony Trichloride—a- and 8-carotene react with 
antimony trichloride in chloroform solution (11) to form blue solu- 
tions which exhibit characteristic absorption maxima (12). Simi- 
lar solutions are obtained when this reaction is permitted to take 
place in dichloromethane and dichloroethane solutions. Under 
these conditions the colored products are more stable and their 
‘absorption maxima are more easily determined. Unfortunately, 
for purposes of identification, the products obtained from both 
a- and 8-carotene exhibit maximum absorption at identical wave- 
lengths. Although differences do exist between the absorption 
maxima of the antimony trichloride compounds of a- and 8-caro- 
tene prepared in chloroform, these can be made the basis of an 
identification method only when conditions (time, temperature, 
and concentration) are carefully controlled (Table I). The un- 
usual stability of the carotene-antimony trichloride compound in 
dichloromethane and dichloroethane suggests that the antimony 
trichloride reaction with other substances such as vitamin A might 
be rendered more reliable by the use of these solvents. 

The absorption maxima of the antimony trichloride compounds 
of a- and #-carotene prepared in different solvents and under 
different conditions are summarized in Table I. These results were 
obtained by the following procedure. A reagent was prepared by 
saturating the solvent with antimony trichloride at 0°. 5 ml. 
portions of this solution were permitted to stand at several tem- 
peratures. Approximately 1 mg. of carotene dissolved in 2 ml. 
of the same solvent was then added to the reagent. After stand- 
ing 20 minutes, the solutions were brought to room temperature 
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and the absorption maxima determined within 20 minutes. The 
maxima were redetermined after the preparations had stood 2 
hours and 48 hours at room temperature. The color produced in 
chloroform appeared deep blue, while that prepared in dichloro- 
methane and in dichloroethane appeared blue-green in shallow 
layers and deep blue in deep layers. 

Carotene and Trichloroacetic Acid—Trichloroacetic acid dissolved 
in dichloromethane, chloroform, and dichloroethane reacted with 


TABLE I 
Wave-Lengths at Maximum Absorption of Carotene-Antimony Trichloride 
Compounds Prepared under Different Conditions 


‘Tempera- 


A. A. A. 
Chloroform | 5060 6390) 5093 | Blue ppt. 
O | 5456 6040/ 5196 | “ 
a- 20 | «5041 6400 | 
| | | 5202 
40 4984 6385 | 4976 
= 40 | 5186 5099 
Dichloromethane 4905 4898 518] 
B- 4894 5450 4895 | 4884 5181 
a- 20. 4895 4903 4900 5182 
| | | 4896 4898 4881 5182 
| | | 4900 4905 | 4899 5181 
4901 | 4880 5185 
1,2-Dichloroethane — a- | 0 | 4914 4909 5213 
p- | | 4910 5477 | 4912 | 4907 5184 
| a | 20 | 4913 4909 5201 
B- 200 4911 A912 4890 5192 
a- | 40 | 4914 5192 
4911 | 4898 5193 


4913 


carotene to form blue solutions. The colors produced were less 
intense and less stable than those produced by antimony trichlo- 
ride, and the maxima were not nearly as well defined. 

Specific Gravity of a- and B-Carotene—The values for specific 
gravity, determined by the flotation method, were found to be 
identical; 1.000 + 0.004 referred to water at 20°. 
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THE INFLUENCE OF PROTEINS ON THE ACTIVITY OF 
YEAST INVERTASE 


By EVERETT L. SAUL ann J. M. NELSON 
(From the Department of Chemistry, Columbia University, New York) 


(Received for publication, June 15, 1935) 


The present paper contains experimental data obtained in a 
continuation of the study of the influence of protein on the activity 
of yeast invertase, when the latter catalyzes the hydrolysis of 
sucrose in solutions more acid than the pH optimum of the enzyme, 
4.5. In an earlier paper! it was pointed out that native proteins, 
in the more acid part of the pH range of the enzyme, increase the 
activity of many preparations of the enzyme. In the further 
study of this phenomenon, it has been found, contrary to the earlier 
report, that denatured proteins, such as gelatin, do, under these con- 
ditions often exert this influence also (Table I), but possibly not to 
the same extent as a freshly crystallized native protein, as for ex- 
ample freshly prepared crystals of egg albumin. Furthermore, the 
more recent experiences of the authors tend to indicate that prob- 
ably all yeast invertase preparations, if sufficiently diluted, will have 
their activity increased by proteins when used to hydrolyze 
sucrose at an acid pH say 3 (Tables II and V). The reason no 
more definite statement can be made concerning the latter claim 
is that some of the enzyme preparations, when diluted sufficiently 
to show the influence of the added protein, have been so highly 
diluted, that destruction of the enzyme makes accurate velocity 
measurements impossible. 

The invertase in many preparations, as will be shown in the sub- 
sequent part of this paper, when the preparations are highly 
diluted, tends to become gradually irreversibly inactivated, 
especially at the acid pH 3. Therefore, when these highly diluted 
enzyme solutions are used, the hydrolyses are so slow and the 
length of time necessary for measuring the rate is so great, that 
the large loss in activity due to the destruction of the enzyme 
makes the velocity determinations unreliable. 


1 Nelson, J. M., and Saul, E. L., J. Am. Chem. Soc., 56, 1994 (1934). 
95 
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Dilution Effect—It was found, in diluting solutions of yeast 
invertase preparations, that the loss in activity of the enzyme, if 
measured by hydrolyzing sucrose solutions on the acid side of the 
optimum pH of the enzyme, 4.5, was often greater than the 
decrease in activity corresponding to the extent of dilution (Table 
III). On the other hand, when the activity of the diluted enzyme 
solutions was measured by means of hydrolyses performed at the 
optimum pH, 4.5, or more alkaline pH, then the decrease in the 


TABLE [ 
Data Showing Accelerating Influence of Gelatin on Activity of Invertase 
Preparation RaKDADS (Insoluble in Saturated Aqueous Solution 
of Ammonium Sulfate) 

Time value* 0.37 minute at 15.5°; 0.01 m citrate-phosphate buffer; pH 
of solution undergoing hydrolysis, 2.9. Experiment A is a control hydroly- 
sis in the absence of gelatin; Experiment B, similar to Experiment A except 
1 mg. of gelatin was added to 225 ec. of the hydrolysis solution. Sucrose 
concentration, 10 per cent; temperature of hydrolysis, 25°. 


Experi- Time, min..... 116 31 |46 71 Mean rate, 0.0299° 
ment A_ | Arotation, de- per min. 
ae 0.44, 0.92, 1.37) 2.05 
Experi- Time, min....| 116 (31 (52 Mean rate, 0.0373° 
ment B A rotation, de- per min. In- 
0.56 1.12 1.69 1.93) crease in rate of 
B over A, 25% 


* The time value is defined as the time in minutes required by 50 mg. 
of an invertase preparation for hydrolyzing 4 gm. of sucrose in 25 cc. of 
solution, containing 0.25 gm. of monosodium phosphate monohydrate, 
at 15.5°, to such an extent that, after mutarotation, the rotation (measured 
at 20°) referred to the D line of sodium light is 0°. This corresponds to 
the hydrolysis of 75.93 per cent of the sucrose. 


enzyme activity corresponded to the extent of the dilution (Table 
IV). 

It was observed also that the greater the dilution the greater 
was the decrease in activity of the enzyme beyond the decrease 
calculated on the basis of the extent of dilution. Thus when a 
solution of Preparation RaDKDADS was diluted to double its 
volume, and its activity was measured in the neighborhood of 3, 
it lost 7 per cent more activity than half of that of the undiluted 
solution, while by diluting 10 times the loss incurred was 18 per 
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cent greater than 0.1 of its original activity. In order to show that 
the pH at which the original solution of the invertase preparation 
was diluted made no difference as to the degree of this abnormal 
loss in activity, this same enzyme preparation was diluted 10 times 
by 0.01 m buffered water at three different pH values, 3.0, 5.0, and 
6.0, and then the activities were measured as described above, at 


TABLE II 


Data Showing Effect on Increase in Activity of Invertase Due to Added Protein 
As Extent of Dilution of Preparation Is Increased 


Invertase Preparation RaD (insoluble in saturated aqueous solution 
of (NH,4).80,). Time value, 4.8 min. In Experiment A 25 cc. of stock 
solution of the preparation were diluted to 500 cc. and 25 cc. of the diluted 
enzyme solution were added to 200 cc. of sugar-buffer solution. Ci- 
trate-phosphate buffer, 0.01 mM; pH of hydrolysis solution, 3.0. Experiment 
B was the same as Experiment A except 1 mg. of crystalline trypsin was 
added to 225 ec. of the hydrolysis solution. 


Experi- Time, min....|1/3 (5 Mean rate, 0.200° per 
ment A | Arotation, de- min. 
grees........ 0.400.801.201.61 
I-xperi- Time, min.....13 5 7 9 Mean rate, 0.215° per 
ment B | Arotation, de- min. Increase in 
grees........ 0.43.0.871.281.70 rate of B over A, 
7.5% 


When the stock solution of the invertase preparation is diluted 10 ce. 
to 500 cc. but otherwise the same procedure as in Experiments A and B 
is followed, the increase in the enzyme activity found was 16 per cent. 
When the stock solution is diluted still more, 5 cc. to 500 cc., and the above 
procedure is followed, the increase in activity was 21 per cent. Similar 
results were obtained with invertase Preparation RaDKDADS. The more 
the enzyme solution was diluted the greater was the influence of the added 
protein. 

For the influence on the enzyme activity due to the addition of different 
quantities of proteins to the sucrose solutions undergoing hydrolysis, see 
the subsequent part of the present paper. 


pH 3.0. In all of these the loss in activity was about 20 per cent 
more than the activity value corresponding to 0.1 of the original 
value. 

It was also noticed that in no case in which an enzyme prepara- 
tion failed on dilution to show any appreciable abnormal loss in 
activity, when the latter was measured at an acid pH 3, could any 
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TABLE III 


Data Showing Abnormal Decrease in Enzyme Activity When Solutions of 
Enzyme Preparations Were Diluted and Activity Measured at pH 2.95 


50 ec. of the original stock solution of invertase Preparation RaD were 
diluted with distilled water and 25 cc. of the diluted enzyme solution were 
added to 200 cc. of a sucrose solution, buffered with 0.01 Mm citrate-phos- 
phate. Temperature of hydrolysis, 25°; pH of the solution, 2.95; concen- 
tration of sucrose, 10 per cent. In hydrolysis Experiment A diluted 
enzyme solution as described above was used; in Experiment B, 25 cc. of 
enzyme solution, obtained by diluting the enzyme solution used in Experi- 
ment A 10 times, were used. 


Experi- Time, min....| 1 |2 3 4 5 Mean rate, 0.419° per 
ment A | Arotation, de- min. 
0.42) 0.84) 1.26, 1.66 
Experi- Time, min....} 1 |15 (28 Mean rate, 0.328°per 
ment B | Arotation, de- min., allowing for 
0.13) 0.46) 0.89) 1.40' 10 times dilution; 
loss in activity, 
22% 


TABLE IV 


Data Showing That No Abnormal Loss in Activity of Invertase Occurs When 
a Solution of Enzyme Preparation Was Diluted and the Activity Measured 
by Means of Sucrose Hydrolyses Performed at a pH on the Alkaline 
Side of the Optimum 


For the control, Experiment A, before dilution, 50 cc. of the stock solu- 
tion of invertase Preparation RaD were diluted to 500 cc. and 25 cc. of the 
diluted solution were added to 200 cc. of sucrose solution, buffered with 
0.01 m citrate-phosphate so that the final hydrolysis mixture had a pH of 7; 
for Experiment B, showing that dilution produced no abnormal loss in 
activity, a portion of the diluted enzyme solution used in Experiment A 
was diluted 10 times more and 25 ec. of the latter were added to 200 ce. 
of sucrose solution, and the hydrolysis run at pH 7. 


Experi- Time, min....j| 1} 2 3 4 5 Mean rate, 0.235° 
ment A | Arotation, de- per min. 
0.24) 0.47) 0.69; 0.94 
Experi- Time, min....| 122 j51 (61 Mean rate X 10, 
ment B A rotation, de- 0).234° per min. 
0.49 0.86) 1.17) 1.41 
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appreciable increase in the activity be obtained by hydrolyzing 
sucrose at pH 3 in the presence of added protein. In other words, 
the accelerating influence due to added protein seems to occur 
only in the case of enzyme solutions which have been sufficiently 
diluted so as to show the abnormal loss in activity when the latter 
is determined at pH 3 (Table V). 


TABLE V 


Data Showing That Influence of Added Protein Is Only Observed When Suffi- 
ciently Diluted Solutions of Invertase Preparations Are Used 


For Experiment A see Experiment A of Table III which was used as a 
control (hydrolysis in the absence of added protein and solution of enzyme 
not greatly diluted). In Experiment B 25 cc. of the same enzyme solu- 
tion was used as in Experiment A, but in the presence of 1 mg. of crystal- 
line native trypsin, added to 225 cc. of the hydrolysis solution. pH, 2.95; 
10 per cent sucrose solution. Experiment C was the same as Experiment B 
except the enzyme solution was 0.1 as concentrated. Experiment D, show- 
ing abnormal loss in activity, due to diluting the enzyme solution used 
in Experiment B to the concentration used in Experiment C, is shown by 
Experiment B in Table III. 


Experi- Time, min....| 1} 2 3 4 5 Mean rate, 0.416° 
ment B_ | Arotation, de- per min. Com- 
0.42) 0.84) 1.24) 1.64) pared with Ex- 

periment A 


(Table III) no 
appreciable accel- 


eration 
Experi- Time, min....| 121 (36  |54 Mean rate X 10, 
ment C | Arotation, de- 0.398°, accclera- 
grees........ 0.79; 1.40, 1.71) 2.12) tion 21% by com- 


paring  Experi- 
ments D and C 


Stability of Enzyme in Dilute Solutions—It was pointed out in 
the previous paper! (p. 1996) that invertase preparations whose 
activities were increased on the acid side of the optimum pH by 
the presence of added protein in the hydrolysis solution, did not 
suffer any appreciable irreversible inactivation when their dilute 
solutions were allowed to stand at 25° for the length of time 
required for carrying out the experiments (Table VI). When, 
however, a highly diluted invertase solution is permitted to stand 
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TABLE VI 


Data Showing That Enzyme Is Not Irreversibly Inactivated by Diluting Its 
Solutions at pH 3, and Using the Diluted Enzyme Immediately 

For Experiment A 5 cc. of stock solution of invertase Preparation RaD 
were diluted with water, buffered to pH 3 with 0.01 M citrate-phosphate 
mixture, to 500 ec. and 25 cc. of the diluted enzyme solution added to 200 cc. 
of sucrose solution, containing 0.01 Mm citrate-phosphate mixture, vielding 
in the final solution a pH of 4.6. The sucrose concentration was 10 per 
cent. Experiment B was the same as Experiment A except 5 ec. of the 
stock enzyme solution were diluted to 500 ec. with water, buffered to pH 4.6, 
instead of 3 as in Experiment A, with 0.01 mM citrate-phosphate mixture, 
and 25 cc. of the diluted enzyme solution added to 200 cc. of sucrose solu- 
tion containing 0.01 mM citrate-phosphate buffer so as to yield a pH of 4.6 
in the final solution. 


Experi- Time, min.. a 1114 (26 [39 Mean rate, 0.0483° 
ment A_ | A rotation, de- | per min. 
grees........ 0.63 1.21 1.54 1.83 
Experi- Time, min....| 1114 (26 (33 (39 Mean rate, 0.0486° 
ment B A rotation, de- | | Per min. 
grees........| | 0.64] 1,22) 1.64) 1.93 


A comparison of the results from Experiments A and B shows that 
diluting the enzyme solution at pH 3, the pH at which abnormal loss in 
activity occurs, gives the same rate of hydrolysis at pH 4.6 as the enzyme 
solution diluted at pH 4.6, at which pH no abnormal loss in activity occurs 
on dilution. 


TABLE VII 


Data Showing That Added Protein Exerts a Protecting Influence on the 
Activity of the Enzyme When Solutions of the Latler Are Allowed to Stand 
alt pH 3 for Several Hours 

5 ec. of invertase Preparation RaKDKD were diluted to 100 cc. with 
citrate-phosphate buffer (pH 3.02) and divided into two 50 ec. portions. 
To one 10 mg. of egg albumin were added, and then both were allowed to 
stand at room temperature for 22 hours, when their respective activities 
were determined by hydrolysis of 5 per cent sucrose solutions at pH 4.5. 
In Experiment A the enzyme portion contained egg albumin; in Experi- 
ment B there was no added protein. 


Experi- Time, min..... 218 (28 (43 54 | Mean rate, 0.0371° 
ment A | Arotation, de- per min. 
0.60) 0.96) 1.52; 1.91 
Experi- Time, min....| 215 (61 {92 Mean rate, 0.0192° 
ment B A rotation, de- per min. 
0.25) 0.65) 1.13) 1.73 


A comparison of the rates of hydrolysis in Experiments A and B shows 
a loss of about 48 per cent. It must be mentioned that the irreversible 
inactivation on standing at pH 3 for a long time varies greatly with different 
preparations, mostly due todifferent degrees of purification of the enzyme 


preparation. 
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at pH 3 and at room temperature for several hours, then consider- 
able irreversible inactivation often occurs, especially in the case 
of the more highly purified preparations. If, on the other hand, 
added protein is present in the diluted enzyme solution standing 
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mgs. Protein Added to 225 cc. of Sucrose Solution 


Fic. 1. The influence of protein on the activity of invertase. Curve 1, 
5 ec. of dialyzed stock solution of enzyme preparation, convertite, were 
diluted to 1000 ec. and 25cc. of the latter were added to 200 ec. of sucrose 
solution buffered with 0.01 M citrate-phosphate to pH 2.9, containing the 
amounts of protein (gelatin) indicated; Curve 2, these data were obtained 
in the same way as those for Curve 1, except that freshly crystallized egg 
albumin was used instead of gelatin; Curve 3, these data were obtained as 
above, except that enzyme Preparation RaDKDADAD was used instead 
of convertite and crystalline edestin was used as the protein. 


at pH 3 and room temperature, then the irreversible inactivation 
is less (see Table VII). 

It should be mentioned also that no difference in the influence 
of added protein on the enzyme activity at pH 3 was observed, 
whether the original enzyme solution was diluted in the absence of 
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the protein and then added to the sucrose solution containing the 
protein, or the reverse, 7. e. diluting the enzyme solution in the pres- 
ence of protein and then adding the diluted enzyme-protein solution 
to the sucrose solution containing no added protein. Likewise no 
difference was observed whether the original enzyme solution was 
diluted in the presence or absence of sucrose, thereby showing that 
sucrose exerts no protecting influence on the enzyme activity when 
solutions of the latter are diluted. . 

Relationship between Amount of Added Protein and Extent of 
Increase in Enzyme Activity—In order to gain some idea concern- 
ing the quantitative aspects of the influence of proteins on the 
activity of invertase, series of hydrolyses were run in the presence 
of different amounts of added protein and the rates obtained were 
compared with the rates of the corresponding control hydrolyses 
in the absence of added protein. The results obtained are shown 
graphically in Fig. 1. 


DISCUSSION 


For the purpose of discussion the main points brought out by the 
above cited experimental data can be summarized as follows: (1) 
When solutions of many invertase preparations are diluted sufh- 
ciently and used for hydrolyzing sucrose solutions at an acid pH 
say 3, a larger decrease in the enzyme activity is noticed than that 
corresponding to the extent to which the original enzyme solution 
was diluted. (2) When a diluted invertase solution which shows 
this abnormal decrease in activity on dilution is used to hydrolyze 
sucrose in the presence of added protein, it shows a greater activity 
at pH 3 than in the absence of the protein. (3) When a highly 
diluted invertase solution is permitted to stand at room tempera- 
ture at an acid pH say 3 for several hours, the enzyme suffers 
considerable irreversible inactivation. (4) If the highly diluted 
enzyme solution containing added protein is allowed to stand at 
pH 3 for several hours, then the enzyme loses less activity than 
when added protein is absent. 

Possibly some would be inclined to look upon the above findings 
as showing that the added protein serves as a protective colloid to 
the enzyme which is being gradually inactivated under the acid 
condition prevailing at pH 3. This conclusion is difficult to main- 
tain, however, because: (a) the diluted enzyme solution which 
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shows this abnormal decrease in activity, when used to hydrolyze 
sucrose at pH 3, is not appreciably inactivated during the short 
time required for the hydrolysis, since use of the same enzyme 
solution to hydrolyze sucrose at the optimum pH, 4.5, shows no 
loss in activity. Therefore, the decrease in activity noted at pH 3 
cannot be due to any irreversible inactivation. (b) The accelerat- 
ing influence of the added protein on the activity of the diluted 
enzyme, when the latter is hydrolyzing sucrose at pH 3, isnot due 
to any protective action on the enzyme as far as irreversible 
inactivation is concerned, because when the diluted enzyme solu- 
tion is mixed with the protein at pH 3 and then used immediately 
to hydrolyze sucrose at the optimum pH, 4.5, no acceleration or 
gain in activity occurred. If any protective action had occurred, 
due to the protein, then an increased activity should have occurred 
also at pH 4.5. 

Since the enzyme slowly loses activity irreversibly when its dilute 
solutions are allowed to stand at pH 3, this suggests that the inacti- 
vation takes place in more than one stage, and that the preliminary 
stage in the inactivation is reversible. This would account for 
the abnormal decrease in activity at pH 3, and the complete recov- 
ery of the activity, when the dilute enzyme solution of pH 3 is 
used to hydrolyze sucrose at the optimum pH, 4.5. If this is so 
then the added protein must in some way affect the invertase 
while it exists in the partially inactivated condition. The shapes 
of the curves in Fig. 1 suggest that the protein combines with the 
~ enzyme at pH 3, and that the enzyme is only capable of combining 
with protein up to agivenlimit. Butif this is true then the combi- 
nation between the enzyme and the protein must be a loose one 
since changing the pH of the enzyme-protein mixture from 3 to 4.5 
removes all the influence of the protein on the enzyme activity. 
For more detailed information concerning the experimental 
procedure see the previous paper. 


HEMORRHAGIC CHICK DISEASE OF DIETARY ORIGIN 
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A nutritional chick disease characterized by subcutaneous, in- 
tramuscular, and abdominal hemorrhages, anemia, hemophilia, 
erosions of the gizzard, and heavy mortality has been described in 
detail by Holst and Halbrook (1933) of this laboratory. These 
workers were able to produce the disease on certain diets and to 
prevent or cure the disease by the use of fresh cabbage. Certain 
phases of the hemorrhagic syndrome have also been observed by 
Dam (1929, 1930), McFarlane, Graham, and Hall (1931), and 
MeFarlane, Graham, and Richardson (1931) in connection with 
other nutritional studies on chicks. 

Dam and Schénheyder (1934) produced the hemorrhagic syn- 
drome in chicks and showed that the disease was not caused by 
lack of any of the known vitamins. The same finding was ob- 
tained by Halbrook (1935), who also noted that the disease was 
prevented by 5 per cent of dehydrated alfalfa or by an equivalent 
level of an ether extract of alfalfa. When the fish meal used in 
his basal diet was kept moistened for some time, the disease did not 
develop. Replacement of the fish meal by casein did not prevent 
the disease. 

Dam (1935) has reported that the disease resulted from a de- 
ficiency of a factor which was found present in hog liver fat, hemp- 
seed, tomatoes, kale, and, to a less degree, in many cereals. The 
antihemorrhagic factor was localized in the fat-soluble, unsaponi- 
fiable, non-sterol fraction. It was stable to moderate heating. 
Dam regarded this factor as a new vitamin and suggested that it 
be named vitamin K. 

The recent appearance of Dam’s last paper (1935) has prompted 
us to report additional findings concerning the hemorrhagic disease, 
which have been obtained in our laboratory. 
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Methods 
Groups of fifteen or more day-old, vigorous, white Leghorn 
chicks were placed in all-metal, screen-floored, electrically heated, 


TABLE [| 
Basal Diets 


Ingredients Diet A | Diet B Diet C 
20.5 | 20.0 20.0 (Ether-extracted) 
Ground polished rice.......... 65.5 | 65.0 | 73.0 
Dried brewers’ yeast............ 10.0; 12.0 5.0 (Ether-extracted) 
Calcium carbonate.............. 1.0 1.0 


Salt (4+ small amounts ferrous 


and cupric sulfate)............ 1.0 1.0 1.0 
100.0 | 100.0 | 100.0 
TABLE II 
Diets, Mortality, and Incidence of Hemorrhagic Syndrome 
Incidence of 
Total 
per cent per cent 
Fish meal portion washed 10 
times with hot water, dried rapidly in drum 
drier at approximately 200°F................ 94 94 
Basal Diet A. Fish meal portion washed 10 
times with hot water, dried with 95% ethyl 
Basal Diet A. 10 parts rice bran replace 10 parts 
Basal Diet A. 10 parts rice bran moistened, | 
dried slowly at room temperature, replace 10 | 


battery brooders. Feed and tap water were given at once ad lili- 
tum. Birds were examined at death and at regular weekly inter- 
vals for 6 weeks for occurrence of symptoms of the hemorrhagic 
syndrome. Gizzard erosions were also noted but not employed as 
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a diagnostic criterion for reasons to be discussed later. The basal 
diets given in Table I were employed. 


Results 


Results of the first experiment are given in Table II. 

From the results of the first experiment, it was concluded that 
a thorough hot water washing of fish meal followed by a rapid 
drying, either in the drum drier or by means of ethyl alcohol did not 
significantly change the incidence of the syndrome as obtained 
with the untreated fish meal. Rice bran failed to prevent the 
disease, while the rice bran which had been moistened and dried 
slowly evidently carried adequate amounts of an antihemorrhagic 
factor. | 

It was decided to eliminate the tikitiki from the basal formula 
since this material is an aqueous preparation, and its incorporation 
in the basal diet might lead to an increase in antihemorrhagic 
action if drying were not rapidly accomplished. ‘The basal diet 
was, therefore, modified to the composition given for Diet B. 

During the next experiment, special attention was paid to the 
effect of different treatments of the fish meal and to the antihem- 
orrhagie action of dehydrated alfalfa. The results are given in 
Table III. 

Results with treated fish meals in the second experiment sub- 
stantiated the view that allowing the fish meal to remain for pro- 
longed periods in a moistened condition tends to increase its anti- 
hemorrhagic power, presumably through the action of micro- 
organisms. The ether-soluble material obtained from the fish 
meal which had been thoroughly ether-extracted and then allowed 
to putrify slightly corrected a deficiency in the basal ration, allow- 
ing excellent growth and health of the birds. 

The experiments further showed that the active factor in alfalfa 
was localized in the unsaponifiable fraction of the ether extract. 
The partial alleviation of the disease indicated by the results with 
chlorophyll, the saponifiable fraction, and the decolorized fraction 
was interpreted as being caused by traces of the antihemorrhagic 
factor remaining in these preparations. This explanation seemed 
likely since these preparations were fed at levels corresponding to 
at least 20 times the minimum requirement, as indicated by the 
simultaneous experiments with whole alfalfa in which 0.5 per cent 
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was found adequate. These findings were verified by later experi- 
ments. 


TaBLeE III 
Diets, Mortality, and Incidence of Hemorrhagic Syndrome 


Total Incidence of 


Diet hemorrhagic 
mortality syndrome 
per cent per cent 
“Fish meal portion moistened, 
dried slowly at room temperature............ 20 7 


Basal Diet B. Fish meal portion washed 10 
times with hot water, dried rapidly in drum 
drier at approximately 200°F................. 73 SO 

Basal Diet B + 2 gm. ether-soluble extract from 
4 kilos fat-free (ether-extracted) fish meal 


Basal Diet B + 5% dehydrated alfalfa........ 8 0 

‘6 1% 7 0 

pletely extracted with ethyl ether and alcohol.. 73 73 
Basal Diet B + ethyl ether extract of dehydrated 

alfalfa equivalent to 10% alfalfa............. 7 0 


Basal Diet B + ethyl ether extract of alfalfa 
equivalent to 10% alfalfa. Extract washed 
thoroughly with dilute hydrochloric acid...... 7 0 

Basal Diet B + ethyl ether extract of alfalfa 
equivalent to 10% alfalfa. Extract heated 24 

Basal Diet B + ethyl ether extract of alfalfa 
equivalent to 20% alfalfa. Extract decolor- 


ized with activated carbon................... 27 36 
Basal Diet B + unsaponifiable fraction of ether 

extract of alfalfa equivalent to 10% alfalfa... .. 6 0 
Basal Diet B + saponifiable fraction of ether 

extract of alfalfa equivalent to 10% alfalfa.... 60 47 
Basal Diet B + 0.1% chlorophyll prepared from 


The factor in the crude concentrate appeared stable to heating 
in an air oven at 120° for 24 hours. Since the level used was much 
too high, partial destruction may have escaped detection. 


& 
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A third experiment was conducted to determine the possible 
presence of the antihemorrhagic factor in the fish meal and in the 
yeast by observing any changes in the incidence of the disease on 
replacement of the fish meal with purified casein and on varying 
the level of yeast. The casein used was a commercial sample 
which had been extracted continuously with ethyl ether for 5 days, 
washed several times with 4 volumes of dilute acetate buffer at 
pH 5, and finally dried rapidly by the use of ethyl alcohol. This 
casein was compounded with an amount of bone ash equivalent 
to that in the fish meal, and the casein-bone ash mixture was then 


TABLE IV 


Diets, Mortality, and Incidence of Hemorrhagic Syndrome When Casein, Fish 
Meal, and Yeast Were Varied in Basal Diet B 


Proportions of fish meal, casein, and yeast ictiaitinal 
Total mortality hemorrhagic 
Fish meal Casein-bone ash Yeast syndrome 
parts paris parts per cent per cent 

20 0) 12 31 21 
15 5 12 32 16 
10 10 12 19 14 
5) 15 12 40 30 
0 20 12 85 65 
20 0 3 47 30 
15 5 3 41 32 
19 10 3 75 45 
5 15 3 77 59 
0 20 3 88 75 


used to replace the fish meal in definite proportions. Dried 
brewers’ yeast was used in two series of these trials at levels of 12 
and 3 per cent, the quantity of polished rice being altered to corre- 
spond. The remainder of the diet was as given for Diet B. Re- 
sults of these trials are given in Table IV. 

There was noted in both series of trials, on 12 and 3 per cent of 
yeast respectively, a distinct increase in mortality and in incidence 
of the hemorrhagic disease as the proportion of the casein-bone ash 
mixture replacing fish meal was increased. The disease was also 
slightly more severe on the 3 per cent yeast diets. Growth of the 
surviving birds was equivalent on both levels of yeast, indicating 
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an adequate supply of vitamins Band G. The results were inter- 
preted as indicating small but inadequate amounts of the anti- 
hemorrhagic factor in both of these lots of fish meal and yeast. 
The lot of fish meal used in this experiment was not the same as 
that used in previous experiments, although obtained from the 
same manufacturer. 

In conjunction with the third experiment, two pens of birds were 
fed preparations from the unsaponifiable ether extract of alfalfa. 
These consisted of fractions obtained by partition of the crude 
concentrate between 90 per cent methyl alcohol and petroleum 
ether. The usual nearly quantitative separation of carotene from 
xanthophyll was obtained by this partition. However, both the 
petroleum ether layer and the methyl alcohol layer gave complete 
protection against the disease when added to basal Diet B at levels 
equivalent to 0.5 per cent of dehydrated alfalfa, indicating ade- 
quate amounts of the antihemorrhagic factor in both fractions. 

A fourth experiment was initiated with a diet made up with 
ether-extracted fish meal and yeast (Diet C). Precautions were 
also taken to avoid any accumulation of food particles in the drink- 
ing water. 

When fed this basal diet, chicks developed the hemorrhagic 
disease at an earlier date and to a more severe extent than on any 
diets formerly used. Results of this experiment may be given by 
a brief summary. Dehydrated alfalfa at 0.5 per cent again af- 
forded complete protection from the disease. Lower levels of 
alfalfa were evidently submarginal as a few symptoms appeared, 
1/16 per cent of alfalfa allowing nearly as severe an incidence of 
disease as the basal diet. Replacement of 50 parts of polished rice 
by 50 parts of either whole wheat or yellow corn, carefully hand- 
picked to remove imperfect kernels, failed to prevent the disease, 
although some slight alleviation of the disease appeared where 
wheat was substituted. The unsaponifiable lipid fraction of 
fresh, vacuum-dried egg yolk, equivalent to 5 per cent of whole 
yolk, failed to moderate the results in comparison with the basal 
diet. Growth of the surviving birds was very satisfactory. 

Experiments with basal Diet C are now under way on the 
chemical and physical fractionation of the crude concentrate in an 
effort to obtain the antihemorrhagic factor in purer form. 
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DISCUSSION 


The development in fish meal and rice bran of partial or com- 
plete protection against the hemorrhagic disease, when such ma- 
terial is moistened and allowed to stand in a wet condition at room 
temperatures for several days, offers a basis on which to explain 
the uncertain incidence of the disease in experiments involving 
animal protein concentrates of varying origin and history. It 
seems logical that the above results may account for the failure of 
Cribbett and Correll (1934) to reproduce the symptoms with the 
Holst and Halbrook (1933) diet, since it is well known that many 
animal protein concentrates offered for poultry feeding are not 
protected from the action of microorganisms in the raw state and 
during manufacture. At this laboratory the disease has been 
produced on fish meals, meat scraps, and commercial casein, while 
on other materials of the same type but of different origin the dis- 
ease has totally failed to appear. Moreover, in feeding different 
samples of material obtained from the same manufacturer, there 
has been found a distinct variation in the incidence of the disease. 

Fish meal preparations given a washing treatment and dried at 
once showed little variation in severity of the disease from that 
obtained on the basal diet. It is evident, therefore, that the pro- 
tective action developed in wet fish meal could not be explained on 
the basis of the removal of a water-soluble toxic factor. The series 
of experiments reported herein in which fish meal was replaced by 
varying proportions of purified casein again indicated the absence 
of any specific prohemorrhagic factor in the fish meal. 

It is evident that little, if any, of the antihemorrhagic factor 
exists in yellow corn, wheat, or rice. In fact, before such a factor 
can be assumed present in any such feed ingredient, it must be 
made certain that weedy or green extraneous material and ma- 
terial acted upon by microorganisms are not present as contami- 
nants. 

In general, synthetic diets for the study of any other phase of 
chick nutrition should be supplemented with an adequate supply 
of the antihemorrhagic factor in order to avoid the complications 
and mortality resulting from the hemorrhagic disease. 

It has been observed throughout these studies that faster individ- 
ual chick growth or better growth-promoting diets enhance the 
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severity of the disease. This observation is in agreement with the 
report cf Holst and Halbrook (1933). In addition, many examples 
of apparently spontaneous cures have been observed, even on the 
more severe extracted diets. 

On none of these diets have gizzard erosions failed to appear. 
In fact, many chicks afflicted with hemorrhages have possessed 
normal or nearly normal gizzards; also, many chicks not afflicted 
with hemorrhages have possessed gizzards with such severe erosions 
that they perforated the muscular gizzard walls. Chicks surviving 
to 6 weeks on the protective diets have usually shown a few cases 
of gizzard erosion, but there have been many examples suggesting 
recovery from erosions. The opinion has been expressed by Dam 
and Schénheyder (1934) and by Halbrook (1935) that gizzard 
erosions may not be a characteristic symptom of the hemorrhagic 
disease. We concur with this opinion, and therefore we have 
placed little weight on gizzard erosions in the diagnosis of the 
hemorrhagic disease. 

We believe, with Dam and Schoénheyder (1934), that external 
hemorrhages, at least, may be to some extent initiated by traumatic 
stimuli. The most outstanding feature of the disease is the 
marked hemophilia, since the chicks will slowly bleed to death 
from a small wound such as is caused by pulling out pin-feathers 
or by making a small incision in the wing web. In a few experi- 
ments with deficient diets, small punctures were made in the wing 
web at weekly intervals with the result that the majority of the 
chicks died from bleeding without developing the hemorrhagic 
areas. None of the birds on protective diets died from this treat- 
ment. 

It is evident that the chlorophylls (and the chlorophyllins) are 
without effect on the disease. The sterols in combination with the 
chlorophylls are also ineffective. Neither carotene nor xantho- 
phyll can be regarded as antihemorrhagic agents. The active 
factor is not an acid or an ester. It evidently possesses no appre- 
ciable basicity since repeated efforts to remove it from ether solu- 
tion by means of aqueous mineral acids have apparently failed to 
extract the factor. 

In conclusion, it may be pointed out that the chemical, physical, 
and physiological properties of the antihemorrhagic factor, as 
elaborated independently in this work, are in close agreement with 
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those that have been recently reported by Dam (1935). The 
study of this dietary factor is being actively continued with the 
view of preparing purer concentrates and of possible identification. 


The authors wish to express their sincere appreciation for helpful 
criticisms and suggestions received from Doctor 8. Lepkovsky and 
Professor C. L. A. Schmidt. 
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THE NORMAL DISTRIBUTION OF CALCIUM BETWEEN 
THE SKELETON AND SOFT TISSUES 


By OTTO A. BESSEY, C. G. KING, E. J. QUINN, ano H. C. SHERMAN 
(From the Department of Chemistry, Columbia University, New York) 


(Received for publication, June 21, 1935) 


Other work in this laboratory has shown that the percentage 
of total body calcium increases during normal growth and develop- 
ment and to a somewhat larger extent in females than in males; 
also, that the calcium content of the body may be influenced by 
that of the food (1, 2). The rat, a presumably representative 
mammal in this respect, has been used in experiments which 
involved the analysis of the body for its calcium content, while 
the validity of the same principles in human nutrition is indicated 
by the results of calcium balance experiments with growing chil- 
dren upon different levels of calcium intake (3). The present 
paper deals with the distribution of the body calcium as between 
the skeletal system including the teeth, on the one hand, and, on 
the other hand, the soft tissues including the blood and lymph. 
Determinations in separate organs were discontinued because the 
smallness of the amounts involved made comparisons, in our 
judgment, of doubtful value. The extent to which the body 
calcium is concentrated in the skeletal system is, however, deter- 
minable with satisfactory accuracy in the rat; and the present 
findings upon this species are probably fairly representative of 
the higher vertebrates generally. 


EXPERIMENTAL 


The animals were killed by chloroform. After careful removal 
of any dust which may have adhered to the fur, the skin, muscles, 
and all other soft parts were dissected away from the skeleton 
with special care that no trace of bone should be removed with the 
soft tissues. (On the other hand, traces of muscle left with the 
skeleton would not measurably affect the determinations of cal- 
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cium. Previous work in this laboratory has shown that boiling 
to loosen the muscle is not advisable where calcium is to be deter- 
mined, as it dissolves too much of the calcium from the bone.) 
The alimentary tract was removed and the weight of its contents 
subtracted from the live weight to obtain the true (net) body 
weight of the animal. In ashing the soft parts for analysis, the 
alimentary tract was omitted to avoid any possibility of contami- 
nation of the sample with food residues, previous work in this: 
laboratory having shown that the calcium content of the walls 
of the alimentary canal is negligible. 

In several cases the brain was analyzed separately. It con- 
tained only about 1 mg. of calcium, even in fully adult rats. As 
this is too small an amount to have any significant influence upon 
the total amount of calcium found in the skeleton, it has been 
considered sufficient in other cases to dissect away the other soft 
parts leaving the brain and cord with the skeletal system. This 
greatly reduced the largest danger of experimental error; namely, 
the possibility of accidental transfer of scrapings or small splinters 
of bone to the soft tissues during the dissection. 

Each part or collection of parts which was to constitute a sep- 
arate sample was ashed in a silica dish in a muffle, and the calcium 
of the ash determined by the modified MceCrudden method (1). 

Because of indications of appreciable calcification of the trachea 
in some cases, considerable numbers of individual trachez were 
ashed and analyzed separately. Those of animals up to 2 months 
of age were found to contain less than 0.5 mg. of calcium. Tra- 
chee of rats from 3 months to 15 months old showed about 1 to 
4 mg. of calcium, the average amount increasing with the age. 


Skeletal Calcium in Percentage of Total Body Calcium 


In Adults from Fully Normal Diets—In thirty-four male rats 
of 6 months and older averaging about 1 year of age, the skeletal 
system showed 99.33 + 0.018! per cent of the total body calcium 
found. In thirty-one female rats of similar age and nutritional 
history, the skeletal system showed an average of 99.32 + 0.019 
per cent of the total body calcium. 

In Younger Rats from Fully Normal Diets—The well known 
fact that the skeleton is less calcified at birth than at maturity 


' The precision measure here used is the classical probable error, 
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suggests the question whether the younger animals have a lesser 
proportion of their total body calcium in their skeletal systems. 
At 2 months, eight males showed skeletal calcium of 99.06 per 
cent, and eight females, 99.08 per cent, of the total calcium of 
their bodies; at 3 months, five males 99.1, two females 99.2 per 
cent; at 4 to 5 months, ten males 99.4 per cent, four females 99.3 
percent. Here it appears that at the age of 2 months the skeletal 
tissues have an appreciably lesser share of the total body calcium 
than in the normal adult; but that the adult status in this respect 
is reached at between 3 and 5 months in the rat, or between the 
time of puberty and that of attaining full adult size. 

In Adult Rats from a Low Calcium Dietary—In a recent study 
of a rather low calcium diet in this laboratory (4) it was found 
that adults of the second generation thus fed were of less than 
average adult calcium content. Here the paucity of intake of 
calcium had apparently kept the adults in the condition of un- 
completed ossification ordinarily found only in the young. In 
these adults of low calcium content the percentage of total body 
calcium which was found in the skeletal system at 1 year of age 
was: for three males 99.0, 99.0, and 99.0; for five females 99.0, 
98.9, 99.0, 99.0, and 98.9 per cent, respectively. While these 
cases are probably too few to justify statistical treatment, their 
uniformity and the fact that the normal average has above been 
established with a high degree of precision, together seem to Jus- 
tify the conclusion that in the adults with low calcium content 
as well as in the young animals in which the normal process of 
- ealeification (ossification) is still incomplete, there is a slightly 
smaller percentage of the total body calcium in the skeletal system 
than is the case in the normally calcified adult. 

In all cases we find higher percentages of the total caleium in 
the skeletal system than was reported by MeCann and Barnett 
(5) but this is explained, first by the fact that they were not inter- 
ested in as small differences as those with which we are here con- 
cerned; and, second, that they boiled their rats and ineluded the 
water with the soft parts, which technique increases the calcium 
attributed to the soft parts and decreases that of the bones. 


SUMMARY 


Of the total body calcium of normally developed adult rats on 
fully adequate diets, the percentage contained in the skeletal 
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system (bones and teeth) was found to be: in thirty-four males 
an average of 99.33 per cent with a probable error of 0.018; and 
in thirty-one females an average of 99.32 with a probable error of 
0.019. These averages are thus established with a relatively high 
degree of precision. The reasons for some lower estimates in 
earlier work are explained. 

In rapidly growing immature rats, while the normal process of 
calcification is still unfinished, and also in adult rats which were 
still of low calcium content because of calcium-poor food, a some- 
what smaller percentage of the total body calcium was found in 
the skeletal system; but even in the cases of this kind (within the 
range of the present investigation) the skeletal system contained 
something of the order of 99 per cent of the total amount of cal- 
cium in the body. 


The cooperation of the Carnegie Corporation of New York and 
the Carnegie Institution of Washington is gratefully acknowl- 
edged. 
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THE VITAMIN G REQUIREMENTS OF THE CHICK 
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Berkeley, and the Division of Poultry Husbandry, University of 
California, Davis) 
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Kline, Keenan, Elvehjem, and Hart (1) have described a syn- 
drome produced in chicks by feeding a heated diet of yellow corn- 
meal, wheat middlings, and commercial casein, supplemented with 
salts and cod liver oil. Elvehjem and Koehn (2) have reported 
that concentrates prepared from liver, and rich in flavins, are 
powerless to prevent this syndrome, which they refer to as pel- 
lagra. The syndrome was cured by the filtrate from liver extract 
after the flavins were removed by adsorption on fullers’ earth. 
The identity of their syndrome with pellagra cannot be settled 
by available evidence. Pellagra is a disease of human beings, and 
it is not certain that human beings may be cured of pellagra by 
any single factor (3). Moreover, Lease and Parsons (4) have 
shown that symptoms similar to those described by Kline et al. 
(1) may be produced in chicks by feeding either (a) the heated 
diet of Kline et al. (1), in which case a liver extract rich in vita- 
min G (B:) cured it, or by (b) a ration rich in egg white, in which 
case it is cured, not by liver extract, but by liver residue. 

Elvehjem and Koehn (2) refer to the factor preventing the syn- 
drome caused by feeding the heated diet to chicks as vitamin G (B2). 
This is open to objection, since Goldberger et al. (5) have shown 
that vitamin G (B,),! preventing black tongue in dogs and dermatitis 
in rats, is present in the fullers’ earth adsorbate of an acidulated 


1 Defined by the Committee on Accessory Food Factors, 1927, as ‘“‘the 
more heat-stable water-soluble dietary factor recently described and named 
P-P (‘pellagra-preventive’) factor by Goldberger, Wheeler, Lillie, and 
Rogers (1926) and found necessary for maintenance of growth and health 
and prevention of characteristic skin lesions in rats, and considered by the 
latter workers to be concerned in the prevention of human pellagra.”’ 
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aqueous extract of brewers’ yeast, while Elvehjem and Koehn (2) 
found that the factor preventing the syndrome in chicks on the 
heated diet is not adsorbed by fullers’ earth from liver extract, 
but is present in the filtrate after vitamin G has been removed 
by adsorption on fullers’ earth. 

The diet of Kline et al., previous to heating, bears some simi- 
larity to the low vitamin G diets of Goldberger and coworkers (6). 
The substitution of purified for commercial casein should render 
this diet more deficient in vitamin G. Combining this substitu- 
tion with heat treatment should make the diet deficient in two 
factors, vitamin G, and another factor, necessary for the chick, 
and first discovered by Kline et al. (1). The relation of the factor 
of Kline et al. to the vitamin Be of Gyérgy (7) is not yet known. 


EXPERIMENTAL 


Unless otherwise stated, all chicks used were single comb white 
Leghorns hatched from eggs obtained from the pure bred flock of 
the Division of Poultry Husbandry at Berkeley. The chicks were 
transferred to electrically heated battery brooders with wire 
floors? on the day following the 21st day of incubation. The fol- 
lowing diet was fed for the next 7 days: ground barley 26.5 per 
cent, ground yellow corn 25, wheat bran 10, ground wheat 8.5, 
sardine meal 14, dried skim milk 5, alfalfa leaf meal 8, powdered 
limestone 1, salt 0.5, sardine oil 1.5. By feeding this ordinary 
mixed diet for a week, and then feeding experimental diets, less 
marked differences were obtained between individual birds in the 
same group and more prompt development of dietary deficiency 
symptoms were obtained than if birds were fed on deficient diets 
starting with the day of hatching. These superior results may be 
due to a more rapid adsorption of the yolk sack on a normal diet 
than on a deficient diet in the Ist week. At the end of this time, 
i.e. at 8 days of age, the chicks were leg-banded and weighed. 
They were than placed on experimental diets. Experimental 
groups were selected to be as nearly as possible of the same weight 
average and weight distribution. Undersized and weak birds 
were not used. 

Experimental diets were usually mixed at least once a week. 


2 We are indebted to the F. Ek. Booth Company for the loan of battery 
brooders. 
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The major supply of the diets was kept in a refrigerator at — 10°. 
These precautions were undertaken principally to insure that 
vitamin A would not be destroyed, as the only source of this vi- 
tamin in most of the diets was 2 per cent of cod liver oil. The 
diet of natural foodstuffs and its heat treatments at 100° for 144 
hours, or at 120° for 24 hours, have been described by Keenan 
et al. (8), who found that the diet treated at 120° was more effec- 
tive than that at 100°. This finding was confirmed. We ob- 
served that chicks placed on the diet treated at 120° at 8 days of 
age began to show incrustation of the mouth 10 days later. Ad- 
herent eyelids appeared after another week. It was found that 
for assay of the factor of Kline et al. it was best to keep chicks 
on the basal diet treated at 120° for a depletion period of 10 to 14 
days. If a potent supplement was added to the diet at the end of 
this depletion period, a marked growth response could be observed 
within 4 or 5 days. The pellagrous symptoms of the mouth and 
eyes, however, continued to increase for 2 or 3 days following the 
addition of the supplement, but then began to clear up and dis- 
appeared from the entire group at the end of about 2 weeks. Sub- 
optimal amounts of a potent supplement gave less marked growth 
responses with correspondingly slower disappearance of the symp- 
toms. If the birds were continued on the unsupplemented basal 
diet for 2 weeks after the depletion period, growth was very slow, 
and symptoms became progressively more intense. After this, 
growth stopped and deaths started to occur. 

The following method was used to provide a roughly quantita- 
tive measure of the intensity of pellagrous symptoms: 10 points 
were awarded for a mouth that was slightly incrusted, 20 points 
for a marked incrustation, 30 points for a very marked incrusta- 
tion with dried blood, and 20 points for stuck eyelids on one or 
both of the eyes. The total number of points was divided by the 
number of chicks in the group, and the quotient was used as an 
expression of the intensity of symptoms in the group at the time 
of observation. It is referred to as the syndrome score. 

The factor of Kline et al. was found by the use of this technique 
to be present in extracts prepared from alfalfa leaf meal, rice 
bran, and beef liver. Liver extract*® was prepared by extracting 


’ Armour and Company, Union Stock Yards, Chicago, kindly furnished 
us with the liver extract used in some of these experiments. 
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ground fresh beef liver with boiling water, concentrating in vacuo, 
precipitating some of the inert materials with 2 volumes of 95 per 
cent ethyl alcohol, and concentrating 7n vacuo so that 1 ec. equaled 
10 gm. of fresh liver. Liver extract was fed in the diet at a level 
corresponding to 30 per cent of fresh liver. The same level was 
used for all fractions prepared from liver extract. Liver extract 


25 


days 

Fic. 1. Growth on the diet treated at 100°, containing commercial 
Casein 1 and supplemented with liver fractions. The arrow indicates the 
point at which supplementation was begun. The number of chicks in 
each group was eleven; depletion period, 14 days; supplementation period, 
14 days. Supplements: /, liver extract; 2, liver filtrate; 3, liver adsorbate. 
The syndrome score at the end of the supplementation period for the 
group represented by Curve A was 0; Curve B, 0; Curve C, 1; Curve D, 28; 
Curve FE, 21. 


was shaken with fullers’ earth, 40 gm. per 100 cc., and filtered. 
The factor was absent from the fullers’ earth adsorbate. The 
findings are illustrated in Fig. 1. 

Indications that vitamin G has a growth-promoting effect on 
the chick were first observed by experiments with an unheated 
diet of the same composition as the heated diet. Our first batch 
of acid-precipitated commercial casein (Casein 1) gave good 
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growth when fed as a part of the unheated diet. The next batch 
of acid-precipitated commercial casein‘ (Casein 2) produced much 
slower growth when fed in the unheated diet, as did casein which 
had been purified by dissolving in dilute alkali, precipitating with 
acid, washing five times with distilled water, three times with 
alcohol, and once with ether. Symptoms of the syndrome did 
not develop during the experimental periods, which ranged up to 
6 weeks. Addition of adsorbate from liver extract increased 
growth on unheated diets containing Casein 2, or purified casein. 


20 days 

Fic. 2. Growth on unheated diets, showing the effect of the addition of 
liver adsorbate containing vitamin G. Curve A, unheated diet, containing 
commercial Casein 2, and supplemented with liver adsorbate; Curve C, 
without supplementation; Curve B, unheated diet, containing purified 
casein, and supplemented with liver adsorbate; Curve D, without supple- 
mentation. The number of chicks in each group was ten. No symptoms 
of the syndrome developed in the experimental period of 18 days. 
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The findings are illustrated in Fig. 2. No significant improve- 
ment over the diet treated at 120° was noted when unheated 
Casein 2 or unheated purified casein was combined with corn- 
meal and wheat middlings which had been heated at 120° for 24 
hours. The source of the factor of Kline et al. in the unheated 
diets was, therefore, the corn-meal and wheat middlings, and the 
diets were deficient in vitamin G. 

Demonstration of Presence of Two Factors Essential for Chick, 


‘Furnished by the generosity of the California Milk Products Com- 
pany, Gustine. 
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Other Than Vitamin B, in Aqueous Liver Extract—The diet treated 
at 120° was made up with purified casein. When supplemented 
with the filtrate from liver extract, growth was not restored but 
symptoms of the syndrome were cured. When supplemented 
with the adsorbate from liver extract, growth was not restored, 
and symptoms of the syndrome were apparently somewhat in- 
tensified. When the filtrate and adsorbate were both added, 
promotion of growth and curing of symptoms took place. These 
findings are illustrated in Tig. 3. 
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Fic. 3. Growth on the diet treated at 120°, containing purified casein 
and supplemented with liver fractions. The arrow indicates the point at 
which supplementation was begun. The number of chicks in the group 
represented by Curve A was 9; Curve B, 9; Curve C, 10; Curve D, 10. 
Depletion period, 13 days; supplementation period, 14 days. The syn- 
drome score at end of the supplementation period was for the group repre- 
sented by Curve A, 1; Curve B, 5; Curve C, 37; Curve D, 28. 


It is thus evident that an aqueous extract of liver contains two 
factors which are required by the chick. One of these is adsorbed 
by fullers’ earth, and, as will be shown below, cures dermatitis 
and restores growth in rats on a vitamin G-deficient diet. The 
other is not adsorbed by fullers’ earth, and cures the symptoms 
caused by feeding a heated diet to chicks. The presence of both 
factors is necessary to produce normal growth in the chick. Vita- 
min B is not involved, since liver extract is low in vitamin B (9) 
and it has been shown (1) that the heated diet is not deficient in 
this vitamin. 
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Experiments with Rats and Chicks—Liver adsorbate and liver 
filtrate were both fed to rats on the vitamin G-deficient diet de- 
scribed by Lepkovsky, Popper, and Evans (9). The typical 
dermatitis associated with vitamin G deficiency in rats was pro- 
duced. Dermatitis was cured and growth restored by a daily 
dose of the adsorbate corresponding to 0.1 cc. of liver extract, 
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Fic. 4. Effect of liver adsorbate and liver filtrate on rats and chicks. 
Curve A, four rats on vitamin G-deficient diet (9) + adsorbate equivalent 
to 1 gm. of liver per day (|); Curve B, four rats on vitamin G-deficient 
diet (9) + filtrate equivalent to 3 gm. of liver per day (1); Curve C, 
eight chicks on the diet treated at 120°, containing commercial Casein 1 
-+ filtrate (|); Curve D, eight chicks on the diet treated at 120° + ad- 
sorbate (|). Depletion period, 16 days; supplementation period, 13 days. 
The syndrome score at end of the supplementation period was for the 
group represented by Curve C, 8; Curve D, 41. 


but the filtrate was completely ineffective at all levels fed, which 
ranged up to a daily dose corresponding to 0.3 cc. of liver extract. 

The same fractions were fed to chicks on the diet treated at 
120°, containing commercial Casein 1. In this case the adsorbate 
was ineffective, but the filtrate cured symptoms and promoted 
growth. Thus it is clearly shown that the deficiency caused by 
feeding the heated diet to chicks is not vitamin G deficiency. The 
findings are illustrated in Fig. 4. 
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A sample of liver adsorbate was heated at 120° for 24 hours. 
Its potency to supplement the vitamin G-deficient diet in rats was 
undiminished. ‘Thus vitamin G is stable to dry heat. 

Demonstration of Vitamin G Deficiency in Chicks on Purified 
Diets—The difficulties which beset the rearing of chicks on purified 
diets are well known (10). The present lack of knowledge of the 
requirements of the chick for water-soluble vitamins may be the 
principal stumbling block. 

In this investigation it was attempted to compound a purified 
diet based on starch and casein, without the use of yeast. It was 
found that a rice bran extract (11), fed at high levels, was a satis- 
factory source of water-soluble vitamins with the exception of 
vitamin G (11, 12). The extract used was Galen-B, which con- 
sists of an aqueous concentrated extract of rice bran. It is man- 
ufactured and marketed by Vitab Products, Inc., of San Fran- 
cisco, California, who generously furnished it to us. 

Eventually a simplified vitamin G-deficient diet for chicks was 
formulated as follows (Diet 70): 


per cent per cent 
Corn-starch............ 53 4 
Purified casein.......... 20 Salt Mixture 1........ 3 
es 6 Cod liver oil.......... 2 
filtrate........ 12 


Galen-B filtrate was prepared by adsorbing vitamin B (B,) and 
possible traces of vitamin G from Galen-B by means of fullers’ 
earth. 6 per cent of Galen-B adequately supplied the B (B,) 
needs, but it was necessary to add the filtrate to supply additional 
amounts of the factor of Kline et al., and possibly other water- 
soluble factors, in a solution from which any possible traces of 
vitamin G had been removed by adsorption. The use of an 
aqueous solution as the source of water-soluble factors has the 
advantage of facilitating the subsequent fractionation of such 
factors. Salt Mixture 1 contained Ca3(PO,)2 33 per cent, CaCO; 
18, iodized salt 20, H2SO, 13, MgSO, 6.5, KeHPO, 6.5, ferric cit- 
rate 3. The sulfuric acid was rubbed in very slowly after the 
other constituents had been mixed for the purpose of producing 
a less basic salt mixture, because it was thought that a too basic 
diet might tend to cause the kidneys to become clogged with 
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urates. The results of feeding this diet, and of supplementing 
it with liver adsorbate, containing vitamin G, are shown in Fig. 5. 

The effect of substitution of fat for the greater part of the starch 
in Diet 70 was investigated by means of Diet 71, consisting of 
lard 30 per cent, corn-starch 6, purified casein 27, Galen-B 8, 
Galen-B filtrate 15, paper pulp 5, Salt Mixture 1 4, cod liver oil 2. 
In this diet, the nutritive ratio has been adjusted to a value equiv- 
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Fic. 5. Effect of supplementing purified diets with fullers’ earth ad- 
sorbate of liver, containing vitamin G, /, or with raw fullers’ earth, 2. 
The diets are described in the text. The arrows indicate the points at 
which supplementation was begun. The number of chicks on Diet 70 was 
18; Diet 71, 18; divided into equal groups at the beginning of the supple- 
mentation period. No pellagra-like symptoms typical of the heated diets 
developed on any of these diets. 


alent to that of Diet 70, and the levels of supplements have been 
raised to compensate for the diminished food intake occasioned 
by the increased caloric value of the diet. Growth on this diet 
was augmented by the addition of vitamin G, as shown in Fig. 5. 

A peculiar dermatitis, seemingly independent of the presence 
of added vitamin G, was noted in the case of some of the chicks 
fed on diets containing high levels of lard. It consisted of an 
irregular peeling off of skin from the region of the head and neck. 
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This desquamation was not accompanied by bleeding. These 
symptoms were not observed in birds fed on diets containing no 
added lard. 


DISCUSSION 


Some confusion has recently arisen in the nomenclature of 
vitamin G (B.). Attention has been drawn to this by Jansen 
(13). In view of the definition of the vitamin,! and in view of the 
fact that Goldberger and coworkers found it to be present in the 
fullers’ earth adsorbate of an aqueous extract of yeast, it seems 
that vitamin G is probably a flavin (9). 

It is important for the prevention of confusion, and essential 
for the preservation of historical continuity that the name vitamin 
G be reserved for the P-P factor which was discovered and eluci- 
dated by the fundamental work of Goldberger and his coworkers. 
Other water-soluble factors, some of which are associated with the 
cure of dermatitis (2, 7, 14, 15), should receive separate names. 
For example, it would be illogical to speak of the factor of Kline 
et al. as a member of the vitamin B complex, since it occurs in 
liver extract, from. which vitamin B is absent; nor would it be 
justifiable to refer to it as a member of the vitamin G complex, 
since it occurs in rice bran extract, which is low in vitamin G 
(11, 12). 

Ringrose, Norris, and Heuser (16) have described a syndrome 
produced by feeding to chicks a diet of yellow corn 60 parts, wheat 
middlings 20, purified casein 15.5, supplemented with minerals 
and cod liver oil. The substitution of commercial casein for 
purified casein decreased the severity and delayed the incidence 
of the syndrome, but did not prevent it. The symptoms may 
have been due to a partial deficiency of the factor of Kline et al., 
manifested only after prolonged experimental time, and perhaps 
accentuated by the rather high protein level of 25 per cent. On 
the other hand, the symptoms may have been due to a deficiency 
of vitamin G, since the diet containing purified casein bears a 
similarity to the low vitamin G diets of Goldberger and co- 
workers (6). 

A diet similar to this, but presumably lower in protein, since it 
contained but 12 per cent of commercial casein, was used by 
Kline et al. as a positive control. They state that ‘normal 
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growth” was obtained, and mention no symptoms of the syn- 
drome. The experimental period of 6 weeks was shorter than 
that employed by Ringrose et al. When the diet was subjected 
to dry heat, destruction of a dietary factor took place, and symp- 
toms similar to those described by Ringrose et al. appeared in 2 
to 3 weeks. 

Lease and Parsons (4) have demonstrated that the egg white 
syndrome, characterized by similar symptoms, is not cured by 
liver extract, and hence is not due to a deficiency of vitamin G or 
of the factor of Kline et al. Thus similar symptoms may be pro- 
duced in chicks by (a) the egg white syndrome, (b) a deficiency 
of the factor of Kline et al., and perhaps (c) a deficiency of vitamin 
G. It would seem undesirable to refer to these symptoms as 
chick pellagra. 

Correlation of the wrong dietary factors with dermatitis may 
arise. For example, Heiman (17) fed diets rich in egg white to 
chicks, and found that the addition of 20 per cent of either dried 
whey or dried skim milk did not alleviate the dermatitis. The 
egg white syndrome cannot be regarded as being due to a defi- 
ciency of vitamin G (11). Hence, it should not be concluded 
from Heiman’s results that milk by-products are not rich in vita- 
min G for chicks. 

The results obtained by Kline et al. on the unheated diet of 
natural foodstuffs may be contrasted with those obtained on a 
similar diet by Ringrose et al. This serves to draw attention to 
the desirability of the use of purified diets, by which means the 
variability associated with natural foodstuffs may be avoided, 
and a quantitative measure of essential dietary factors is more 
likely to be obtained. 


SUMMARY 


1. The finding of Elvehjem and Koehn (2) that the syndrome, 
caused by feeding to chicks a diet of heated corn-meal, wheat 
middlings, and commercial casein, may be cured by a filtrate from 
liver extract from which the flavins have been removed by adsorp- 
tion on fullers’ earth, was confirmed. 

2. The fullers’ earth adsorbate of liver extract, containing vi- 
tamin G (Bz), markedly promoted growth in chicks when added 
to a diet of unheated corn-meal, wheat middlings, and purified 


casein. 
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3. When the heated diet was made with purified casein instead 
of commercial casein, dermatitis was cured but growth was not 
restored by the filtrate; dermatitis was not cured, nor was growth 
restored by the adsorbate; and dermatitis was cured. and growth 
restored by the addition of both the adsorbate and the filtrate. 

4. The factor curing dermatitis caused by the heated diet was 
also found to be present in extracts of alfalfa leaf meal and rice 
bran. 

5. The filtrate from liver extract had no effect on vitamin G 
deficiency in rats, which was cured by the adsorbate even after 
it had been heated at 120° for 24 hours. 

6. A purified diet was fed to chicks, consisting of corn-starch, 
purified casein, cod liver oil, paper pulp, and salt mixture, supple- 
mented with rice bran extract, low in vitamin G, to supply water- 
soluble vitamins. Liver adsorbate promoted growth when added 
to this diet. Similar results were obtained with a purified diet 
containing a high level of lard. 

7. A peculiar type of dermatitis was noted in chicks on diets 
high in lard. 

8. It is concluded that an aqueous extract of liver contains 
two factors: vitamin G, and the factor of Kline, Keenan, Elveh- 
jem, and Hart (1), both of which are distinct from vitamin B 
and necessary for normal growth in the chick. 

9. Attention is drawn to the desirability of reserving the name 
vitamin G for the P-P factor of Goldberger and coworkers, which 
is present in a fullers’ earth adsorbate of an aqueous extract of 


yeast (5). 


Our thanks are due to Mrs. Mildred Ix. Dimick, R. V. Shutt, 
K. IK. Miya, and R. C. Adams for their willing and unfailing 
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Notwithstanding the agricultural, economic, and dietetic im- 
portance of the pear, the available chemical information pertaining 
to it is rather meager, as indicated by the compilation of Wehmer 
(1). For example, a search of the literature reveals little that is 
helpful concerning the chemical composition of the cuticle. The 
rather crude observations of Seifert (2) appear to constitute all the 
information available relative to the constitution of the wax-like 
coating of the pear. He extracted 0.24 kilo of dried skins with 
chloroform, obtaining 1.5 gm. of extract from which he separated 
a light green wax melting at 68° and solidifying at 60° and a yel- 
lowish amorphous vitin-like substance melting at 240° and giving 
a positive Liebermann reaction. 

Previous experience has shown that a knowledge of the constitu- 
tion of the cuticle has had an important bearing on the spray resi- 
due (3, 4) and waste utilization (5) problems in the case of the 
apple, and it was felt, therefore, that information relative to the 
constituents of the wax-like coating on the pear might likewise aid 
in solving similar problems, and add to our knowledge with respect 
to the latter fruit. 


EXPERIMENTAL 


The material employed in this investigation consisted of air- 
dried pear skins which were obtained through the kindness of the 
Snider Packing Corporation, Rochester, New York. Pears in 
preparation for canning were first steamed and then passed through 
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rubber-lined drums which removed the skins by abrasion. After 
drying, the skins were ground to pass a 2 mm. sieve and stored in 
tightly closed tins. Altogether 26.7 kilos of air-dried skins were 
extracted first with petroleum ether (b.p. 30—60°) and then with 
ether. The yield of petroleum ether-soluble material was 522 gm., 
equivalent to 1.95 per cent; whereas the yield of ether-soluble 
material was 636 gm., equivalent to 2.38 per cent of the original 
air-dried skins. 

Petroleum Ether Extract—The petroleum ether extract was a 
dark green brittle material containing considerable free fatty acid, 
as indicated by the fact that 1 gm. required 0.552 ml. of N alkali 
for its neutralization. The alkali — corresponded to 
15.6 per cent of oleic acid. 

A portion of the crude material weighing 150 gm. was saponified 
for 6 hours with alcoholic potassium hydroxide (75 gm. of KOH to 
700 ml. of alcohol). The saponification mixture was poured into 
water, boiled for a few minutes, and then permitted to cool slowly. 
The hard, brittle cake which formed on the surface upon cooling 
was removed from the aqueous suspension and washed free of 
adhering granular particles. ‘The aqueous suspension was filtered 
to remove the greasy, amorphous suspensoids. [Each fraction was 
resaponified and poured into water, whereupon a hard waxy cake 
separated from the first fraction. The second fraction again sepa- 
rated as a granular suspensoid. The various aqueous filtrates con- 
taining the potassium soaps of the acids were combined and shaken 
first with petroleum ether and then acidified. The liberated fatty 
acids rose to the surface as an oily layer which would not solidify 
even when maintained at 10° for several days. ‘The aqueous layer 
was siphoned off, and the acids washed repeatedly with hot water. 
As a result of the foregoing treatments, four fractions were ob- 
tained as follows: unsaponifiable brittle material (32 gm.), un- 
saponifiable granular suspensoids (50 gm.), fatty acids (60 gm.), 
and the aqueous portion. 

Glycerol—The aqueous liquid after separation of the fatty acids 
was adjusted to pH 5.0 and evaporated almost to dryness. The 
residue was repeatedly extracted with alcohol containing a little 
ether. The extract was then evaporated, taken up in water, 
clarified with lead acetate, and again evaporated. About 1 ml. 
of viscous liquid was obtained which gave the usual tests for gly- 
cerol. 
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Liquid Fatty Acids—The fatty acid fraction (60 gm.), consisting 
of a black oil, was dissolved in alcohol, given a char treatment, 
and the solid and liquid acids separated by the lead salt-ether 
method. After deleading and recovery of the acids, there were 
obtained 7 gm. of solid and 41 gm. of liquid acids. 

Linolenic Acid, CigH3902—The liquid acid fraction was dissolved 
in ether, cooled to —5°, and brominated dropwise with an ice-cold 
solution of bromine in chloroform (1:2). A small amount of 
erystalline material which separated during bromination was fil- 
tered off. On standing several days at about 10°, the solution 
deposited a further quantity of crystalline material. After extrac- 
tion with ether and several crystallizations from benzene, the 
hexabromide melted at 182°. Analysis! gave C 28.76, H 4.07, Br 
63.02. Hexabromolinolenic acid, requires C 28.51, 
H 3.99, Br 63.28. 

Linoleic Acid, C\g3H3.02—After separation of the hexabromide 
and removal of excess bromine, the ether-chloroform solution was 
evaporated. The resultant black gummy residue was repeatedly 
extracted with hot petroleum ether. ‘The extract was maintained 
at about 10° for several days to permit the separation of linoleic 
tetrabromide. The precipitate was filtered off, after which the 
filtrate was concentrated and allowed to remain at a low tempera- 
ture as before. After removing the crystalline bromide which 
separated, the filtrate was evaporated to a syrup, from which a 
further quantity of tetrabromide slowly separated on standing at 
a low temperature for several months. The erystals were sepa- 
rated from the syrup by careful solution of the latter in ice-cold 
petroleum ether. The total yield of linoleic tetrabromide thus 
obtained amounted to 1.31 gm. After several reecrystallizations 
from petroleum ether it melted at 113-114° and gave on analysis, 
C 36.19, H 5.51, Br 53.22. Tetrabromolinoleic acid, 
requires C 36.00, H 5.38, Br 53.28. ? 

Oleic Acid, C\sH3,02—After final removal of tetrabromides the 
petroleum ether solution was evaporated and the residual syrup 


1 For the combustion and halogen determinations reported throughout 
this paper, the writers are greatly indebted to R. T. Milner and Mildred 8. 
Sherman of the microchemical laboratory, Fertilizer Investigations, Bureau 
of Chemistry and Soils. Where more than one determination was made, 
the averaged value is reported 
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taken up in alcohol and debrominated with the aid of zine dust. 
The excess zine was filtered off and the filtrate concentrated in 
vacuo, after which it was poured into water, acidified, and the free 
oleic acid extracted with ether. After saponification with sodium 
ethoxide and recovery according to the usual procedure, 22 gm. 
of oleic acid were obtained which gave an iodine number (Hanus) 
of 95.09. The theoretical value for oleic acid is 89.93. 

Solid Fatty Acids—¥ractional crystallization of the solid fatty 
acids (7 gm.) from ethyl acetate, ethyl acetate-alcohol, and ethyl 
acetate-alcohol-water gave four main fractions which were sepa- 


TABLE I 
Approximate Weights, Melting Points, and Neutralization Values of Various 
Fractions of Solid Fatty Actds Obtained from Petroleum Ether-Soluble 
Fraction of Pear Skins 


Fraction No. Weight Mp. Neutralization value 
gm. 

1 0.20 72.3-72.6 157.1 
2 0.23 71.0-71.3 162.1 
3 0.11 70 .0-70.2 168.5 
4 0.50 64.5-64.8 175.5 
5 0.35 63 .5-64.0 

6 0.10 61.0 186.9 
7 1.20 56 .0-56 .5 195.0 
8 1.00 54.0-55 .0 

9 0.76 52.8-53 .0 205.7 


rately refractionated from petroleum ether-acetone solution. 
Nine final fractions were obtained, as shown in Table I. 

Fractions 1 to 3 shown in Table I were combined and recrystal- 
lized from acetone, from which was obtained 0.2 gm. of fine white 
needles melting at 73.0-73.3° and setting solid at 71.0°. x-Ray 
examination of “melted on glass’? samples of this fraction, and of 
Fraction 4, gave spacing values of d@o1) = 58.5 + 0.5 A. for the 
former and doo) = 52.0 + 0.5 A. for the latter fraction. Com- 
parison of the values of the melting point, neutralization, and 
diffraction spacings with those recorded by Francis, Piper, and 
Malkin (6) and Shriner, Fulton, and Burks (7) indicates that the 
solid fatty acids obtained from pear skins consist of the usual mix- 
ture of plant acids of the series Cys to Co. 
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Paraffin Hydrocarbons—The unsaponifiable brittle wax (32 gm.) 
was acetylated for 12 hours with an excess of acetic anhydride, 
poured into water, and the insoluble precipitate filtered off. The 
precipitate was dissolved in 1.5 liters of benzene and alcohol (1:2) 
and allowed to stand several days at a low temperature. A light 
yellow solid (21 gm.) separated and was filtered off. The filtrate 
was reduced to about 0.3 liter, whereupon on standing a further 
small amount of solids (2 gm.) separated. The remaining filtrate 
on evaporation yielded a red oily product which was disearded. 

Nonacosane, C29f4o>—A portion (13 gm.) of the solid obtained 
as described was successively treated with concentrated sulfuric 
acid at 120° until no further darkening was produced. The re- 
covered hydrocarbon was then fractionated from a petroleum 
ether and acetone mixture. The final product (8 gm.) was sub- 
mitted to x-ray examination with Cu AK, and Cr AK, radiation. 
Eleven orders were observed on the original plates. The value of 
the spacing d(oo:) was determined by comparison of the seventh 
order of the hydrocarbon with the fourth from 8-Al,0O3;. Thermal 
data for the transition, melting, and setting points were obtained 
by the capillary method in which a mechanically stirred oil bath 
(8) was employed. The x-ray and thermal data are recorded in 
Table II. Combustion determinations of the hydrocarbon gave 
C 85.40, H 14.72. Nonacosane, CosH¢o, requires C 85.19, H 14.81. 

Another portion (6 gm.) of the crude hydrocarbon, untreated 
with sulfuric acid, was subjected to distillation in a Washburn- 
Mair? molecular still at a temperature of 150° with a free air pres- 
sure below 0.25 uw. Although no appreciable change in temperature 
was observed during the distillation, nevertheless two fractions 
were cut and each separately crystallized from petroleum ether- 
acetone solution. x-Ray and thermal examinations of each frac- 
tion (Table IT) were made, following which the samples were treated 
with sulfuric acid. During the latter treatment considerable 
darkening and charring occurred, indicating that oxygenated com- 
pounds had not been completely removed by distillation. The 
acid-treated hydrocarbon fractions were recovered, crystallized as 
before, and the x-ray and thermal values redetermined. The melt- 
ing point was perceptibly higher, whereas the spacing was slightly 
lower, thus indicating that the distilled hydrocarbon probably 


2 Mair, B. J., unpublished work. 
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contained a small amount of oxygenated impurity of approximately 
the same chain length as the hydrocarbon. The observed values 
for the spacing and thermal points are recorded in Table II to- 
gether with corresponding values reported by Piper et al. (9) on 
synthetic n-nonacosane. The values for the latter material were 
also determined by the authors on a sample of synthetic n-nonaco- 
sane kindly furnished by Dr. A. C. Chibnall. 

Careful consideration of these data and comparison with those 
published by Piper et al. would seem to indicate that the original 
acid-treated pear hydrocarbon consisted of n-nonacosane, CegH¢o, 
together with a small amount of a higher hydrocarbon, possibly 
CziHee. Furthermore, it appears that distillation in the molecu- 
lar still effected some slight separation of the higher hydrocarbon 
but little or none of the oxygenated impurities which were, how- 
ever, completely removed by subsequent treatment with sulfurie 
acid. The discrepancy in melting points between the pear hydro- 
carbon and synthetic n-nonacosane as reported by Piper et al. is 
undoubtedly due to the inherent differences in the two methods 
and apparatus employed in the determinations. This is obvious 
from the fact that, although we obtained values for the spacing of 
synthetic n-nonacosane which are practically identical with those 
found by Chibnall, our value for the melting point was higher. 

(rranular Unsaponifiable Fraction——After much preliminary work 
which was attended with considerable loss of material, it was found 
that the granular unsaponifiable fraction consisted principally of 
hydrocarbon admixed with alcohols and amorphous resins. The 
latter fraction, being unidentifiable, was discarded. 

The portion of the original material remaining from the prelimi- 
nary experiments was phthalated for 10 hours in pyridine solution 
and poured into dilute hydrochloric acid. After removal of the 
pyridine and excess phthalic anhydride, the phthalated material 
was obtained as a brownish, greasy solid cake. It was dissolved 
in ether and shaken with aqueous sodium carbonate. The ethereal 
layer (Fraction A) was separated from the emulsified aqueous layer 
and the latter saturated with salt. The solid (Fraction B) which 
rose to the surface was filtered off. 

According to Chibnall the ethereal solution should contain the 
sodium salts of the half ester of the secondary alcohols, while the 
solid interfacial or dispersed phase should contain the correspond- 


8 
4 
3 


140 Wax-Like Coating of Pear 


ing derivatives of the primary alcohols. In our work both the 
ether-soluble and ether-insoluble fractions proved to be only pri- 
mary alcohols. This discrepancy is probably accounted for by 
the fact that the ethereal solution contained considerable hydro- 
carbon, the total quantity of alcohols was small, and only one 
phthalation was made instead of two or three as recommended in 
Chibnall’s original procedure (10). 

Primary Alcohols—The ether-insoluble fraction (Fraction B), 
representing the acid phthalates of the primary alcohols, was 
saponified and the alcohols recovered from the saponification mix- 
ture. After fractional crystallization from petroleum ether and 
acetone there were finally obtained two main fractions, one of 
which melted at 79.7—80.0° and the other at 76.7-77.7°. 

The ethereal solution (Fraction A) was evaporated to dryness 
and the residue extracted with boiling alcohol. In this process 
insoluble amorphous resinous material was eliminated. The alco- 
holic extract deposited a white crystalline solid which melted at 
64.2-64.6°. Oximation failed to yield a ketoxime and it was finally 
shown to consist principally of nonacosane. Following the separa- 
tion of most of the hydrocarbon, the alcoholic extract was saponi- 
fied and the liberated alcohols recovered from the saponification 
mixture. By fractional crystallization from various solvents 
there was obtained a series of fractions having melting points 
ranging from 62-72°. The six lowest fractions proved to be 
principally paraffin hydrocarbon. 

The top fraction (m.p. 72.0-72.5°) was repeatedly crystallized 
from various solvents, including ethyl acetate, acetone, and pe- 
troleum ether, whereby the melting point was raised to 74.7—74.9° 
and the setting point to 74.2-73.7°. The middle fractions (m.p. 
66-69°) were combined and repeatedly recrystallized. There was 
finally obtained a white microcrystalline powder melting at 71.0° 
and having a carbon and hydrogen content equal to 80.93 and 
14.15 per cent, respectively. It was further purified by repeated 
crystallization from carbon tetrachloride, whereby the melting 
point was raised to 72.8—73.2°. 

The melting points and analytical and x-ray data for the frac- 
tions mentioned above are recorded in Table III, together with the 
melting points and analytical data for the corresponding acetates. 
For comparative purposes there are included corresponding data 
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for two ternary mixtures of synthetic alcohols studied by Piper, 
Chibnall, and Williams (11). 

Regeneration of the alcohol from the corresponding acetate of 
Fraction B-1 failed to raise its melting point. The alcohol ob- 
tained from the acetate of Fraction A-1 melted at 75.9-76.3° and 
gave a spacing of 71.0 A. In spite of all efforts to purify Fraction 
A-2 it still retained a very small amount of hydrocarbon, the pres- 
ence of which was demonstrated by treating the entire fraction 
with concentrated sulfuric acid to destroy the alcohol and subse- 
quently recovering the hydrocarbon. 


TaBLeE III 


Melting Points, x-Ray and Analytical Data for Naturally Occurring and Syn- 
thetic Mixtures of Alcohols and Their Derived Acetates 


Alcohol Acetate 
Source 
. ac- 
“ C H Mp. C H 
° per per ory per 
C. A. cent cent C. cent cent 


Fraction B-1 from pears. .'79.7-80.076.0 81.31 13.80 62.7-63.7:79.54 13.49 
40:40:20 mixture of syn- | 
thetic Cos, Cos, and C30. 75.75 63.8 


Fraction B-2 from pears. .'76.7-77.7 60.7-61 .280.21/13.66 
40:40:20 mixture of syn- 
thetic Cas, Coe, and Cas. . 70.3 59.0 
Fraction A-1 from pears.. 74.7-74.9,'70.0 81.22 14.2456. 2-56.6 78.73 13.25 


In order to interpret the composition of the alcohol fractions 
recorded in Table III, recourse was had to the extensive data on 
pure synthetic alcohols and their mixtures published by Piper, 
Chibnall, and Williams (11). Unfortunately their data are limited 
to alcohols containing 24 or more carbon atoms, while at least two 
of our fractions contain alcohols of shorter chain length. It may 
be stated, however, that all the alcohol fractions obtained from 
pear cuticle are at least ternary mixtures of the series Coo to C30, as 
may be observed by comparing Fraction B-1 with the correspond- 
ing ternary mixture immediately following it in Table III. The 
mixed nature of the alcohol fractions is also evident from the fact 
that only the A form of crystals was observed, whereas pure, even 
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numbered alcohols appear only in the B form at room temper- 
ature. 

The melting points and analytical data for Fractions B-1 and 
A-1 agree with the values reported in the literature for ‘‘ceryl” 
and “lignoceryl” alcohols, respectively, previously isolated from 
plant sources by many workers. ‘Ceryl’ alcohol has been shown 
by Pollard, Chibnall, and Piper (12) to consist of a difficultly 
separable mixture of primary alcohols having a mean molecular 
weight corresponding to Cos, which is in accordance with our obser- 
vations. In view of these facts and the recommendation of Chib- 
nall and coworkers (13) that the use of ceryl, montanyl, myricyl, 
melissyl, and similar names in connection with plant alcohols be 
abandoned, we have refrained from designating our alcohol frac- 
tions as ceryl alcohol, lignocery] alcohol, ete. 

Ether Extract—The ether-soluble extract of the dried pear skins 
consisted of a light yellow-colored resinous powder of an acidic 
nature. <A portion (150 gm.) of the crude extract was treated 
three times with boiling dilute aqueous sodium hydroxide, where- 
upon soluble and insoluble sodium salts were formed. These were 
separated through a Buchner funnel. The aqueous filtrate on ad- 
dition of dilute hydrochloric acid gave an amorphous precipitate 
of brownish resin which could not be obtained in crystalline con- 
dition. 

Ursolic Acid, HO-CosHwCOOH—The crude, water-insoluble 
sodium salt was dissolved in boiling 95 per cent alcohol containing 
a small amount of sodium hydroxide, and an equal quantity of hot 
water added. The solution was maintained at the boiling point 
and stirred mechanically until the sodium salt had separated. 
The hot solution was filtered and the salt washed and dried, after 
which it was extracted with ether for 7 days in a Soxhlet apparatus. 
The insoluble sodium salt was then recrystallized three times by 
the process described above. The free acid was recovered from its 
salt by solution of the latter in alcohol and addition of dilute hy- 
drochlorie acid. The nearly pure acid was filtered off, washed 
thoroughly with water, and dried. It weighed 38 gm. Final 
purification was accomplished by several fractional crystalliza- 
tions from absolute aleohol, whereby 25 gm. of ursolie acid were 
obtained with a melting point of 282.5-283.5°. The substance, 
dried at 140°, was analyzed, giving C 78.59, H 10.78. Ursolic 
acid, C30H4s03, requires C 78.88, H 10.60. 

p-Phenylphenacylursolate, 5—The 
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p-phenylphenacy1 derivative was prepared according to the general 
directions of Drake etal. (14). 1 gm. of ursolic acid in aleohol was 
nearly neutralized with 0.5 N sodium hydroxide and a molar 
quantity (0.6 gm.) of p-phenylphenacyl bromide added, together 
with sufficient water to form a 65 per cent alcoholic solution. The 
mixture was refluxed for several hours, during which time sufficient 
alcohol was added to redissolve most of the product which sepa- 
rated. After cooling, the solid (1.25 gm.) which separated was 
filtered and crystallized first from alcohol and then from a mixture 
of alcohol and ethyl acetate. The ester so obtained melted at 
207.5-209° with preliminary softening at 204.5°. Drying in vacuo 
over phosphorus pentoxide and again at 138° for 7 hours gave 
no change in weight. Analysis gave C 80.63, H 9.27. p-Phenyl- 
phenacylursolate, C43Hs5sO4, requires C 80.82, H 9.16. 

Ursonic Acid, COOH -CosH43-CO—Oxidation of ursolic acid to 
the corresponding keto acid was accomplished by suspending a 
quantity of the acid in a cold solution of chromium trioxide in 
glacial acetic acid and stirring at intervals for several hours. The 
reaction mixture was diluted with water, filtered, and the insoluble 
residue crystallized twice from dilute alcohol. The oxidation 
product melted at 284—284.5° and gave on analysis, C 78.85, H 
10.09. Ursonic acid, C30HysO3, requires C 79.23, H 10.20. 

Ursonic Ketoxime, COOH -Cos3HyC:NOH -H,O—Ursonic acid 
obtained on oxidation of ursolic acid was dissolved in 95 per cent 
alcohol, an excess of hydroxylamine hydrochloride and concen- 
trated sodium hydroxide added, and the mixture refluxed for 23 
hours. The precipitate which formed on the addition of the hy- 
droxylamine dissolved during the refluxing period and remained 
so, even on addition of water after refluxing ceased. The reaction 
product separated, however, on addition of dilute hydrochloric 
acid. It was filtered off and crystallized from amyl acetate, from 
which solvent the oxime was obtained in the form of rods melting 
at 263-264°. Analysis of the material containing 1 molecule of 
water of crystallization gave C 73.72, H 9.96, N (micro-Dumas) 
2.94, 4.22. Ursonic ketoxime monohydrate, C30H490,N, re- 
quires C 73.85, H 10.13, N 2.87, H2.O 3.70. 


DISCUSSION 


In view of the generic relationship of the pear (Pyrus communis) 
and the apple (Pyrus malus) and in the light of our knowledge of 
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spray applications, spray removal, and storage behavior of these 
fruits, it is of interest to compare the composition and general 
character of their respective surface coatings. The pertinent data 
are given in Table IV, from which it will be noted that the total 
ether extract is considerably greater for the apple than for the 
pear; however, the ratios of the waxy (petroleum ether-soluble) 
to resinous (petroleum ether-insoluble) constituents are approxi- 
mately the same; namely, 1:1.7 for the pear and 1:1.9 for the 
apple. 

The petroleum ether-insoluble fractions, although differing in 
amount are quite similar in nature, both consisting of ursolic acid 


TABLE IV 
Comparison of Wax-Like Coating of the Pear and Apple 


Pear Apple 
Total ether extract, %............. 4.33 7.85 
Petroleum ether-insoluble, %...... 2.38 4.61 
ether-soluble, %........ 1.95 3.24 
Neutralization value............. 31.00 18.10 
Free acids, as oleic, %........... 15.60 9.10 
Predominant acids, %........... Liquid (85) Solid 
Unsaponifiable %................ 21.30 63.10 
Predominant hydrocarbon..... CosH eo 
Primary alcohols.............. Coo-C0 


and other resinous acids. On the other hand, the petroleum ether- 
soluble extract varies not only in amount but also in composition. 
Whereas the petroleum ether extract of pear peels is high in free 
and combined fatty acids, as indicated by the neutralization value 
(31.0) and the percentage of acids (40.0) actually isolated, the 
corresponding extract of apple peels is much lower in these con- 
stituents (neutralization value, 18.1; acids, 15.8 per cent). With 
respect to the unsaponifiable portion the reverse is true, the pear 
being lower (21 per cent) and the apple much higher (63 per cent). 
The higher value of the unsaponifiable fraction of the apple wax 
is apparently due to the much larger quantity of n-nonacosane 
present on the surface of this fruit. 
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Since the alcohols are minor constituents in both the pear and 
apple wax, the predominant difference in the two coatings may be 
attributed to the presence of relatively larger amounts of acids, 
in the case of the pear, and of hydrocarbon in the case of the apple. 
Furthermore, approximately 85 per cent of the fatty acid fraction 
of the former is composed of unsaturated liquid acids, part of which 
is in the unesterified form. 

The considerable difference in the composition of the waxy 
coatings of the two fruits is no doubt indicative of differences in 
their respective metabolic processes. Also the different physical 
and chemical character of the surface coatings must necessarily 
affect differently the adhesiveness of sprays both with respect to 
their application and subsequent removal. 


SUMMARY AND CONCLUSION 


Peels obtained in the commercial canning of pears have been 
examined with respect to the nature of the constituents present in 
the petroleum ether and ether extracts. 

About 40 per cent of the petroleum ether extract was found to 
consist of free and combined acids of which approximately one- 
third was in the unesterified state. The solid acids, comprising 
about one-eighth of the total acids, consisted of the usual mixed 
plant acids of the series Cys to C2;.. Very small amounts of linolenic 
and linoleic acids were isolated from the liquid fraction. The 
predominant acid of the pear wax was oleic. 

In addition to a small amount of glycerol, there were isolated 
the usual plant alcohols which proved to be at least ternary mix- 
tures of the series Coo to C30. Neither secondary alcohols nor ke- 
tones were detected. 

The predominant hydrocarbon isolated was found to be n-nona- 
cosane, CogHeo. 

The ether extract obtained after preliminary extraction with 
petroleum ether yielded ursolic acid. 

It is obvious from the results of the foregoing investigation that 
the light green, low melting pear wax, which was described by 
Seifert, is in reality a complex mixture of free acids, esters, hydro- 
carbons, and aleohols and that his unerystallizable vitin-like sub- 
stance melting at 240° is impure ursolie acid. 
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THE EFFECT OF DESICCATED THYROID, a-DINITRO- 
PHENOL, AND CORTICAL HORMONE EXTRACT ON 
THE VITAMIN C CONTENT OF SOME ORGANS OF 
THE GUINEA PIG FED GRADED DOSES OF ASCORBIC 
ACID* 


By JOSEPH L. SVIRBELY 


(From the Department of Science, Margaret Morrison College, Carnegie Insti- 
tute of Technology, Pittsburgh) 


(Received for publication, June 11, 1935) 


Certain organs and glands of animals (whether susceptible to 
scurvy or not) have been shown by biological tests and reduction 
with the indophenol indicator to contain ascorbic acid (vitamin C) 
in higher concentration than most of the other tissues. Thus, the 
anterior lobe of the pituitary, corpus luteum, thymus, suprarenals, 
and, to a lesser extent the liver, are rich in the vitamin. The 
ascorbic acid content (1, 2) as well as the oxygen consumption (3) 
of organs decreased on the onset of scurvy. A close relationship 
has long been evident in vitamin C and the respiratory as well as 
the metabolic rate of the different organs. Localized concentra- 
tion of vitamin C in the suprarenals has been ascribed for the main- 
tenance of the normal functional activities of that organ (4). 

It has been definitely established that the metabolic rate of 
organs is increased by administration of the thyroid hormone and 
by a-dinitrophenol. The specific effect of the thyroid hormone on 
the calcium metabolism (5), as well as an increase in weight of the 
thyroid gland (6) in scorbutic guinea pigs, has been described. 

The purpose of this investigation was to clear up the disputed 
relationship between the cortical hormone and vitamin C as well 
as to observe the effect of desiccated thyroid and a-dinitrophenol 
on guinea pigs fed different amounts of vitamin C. 


* The greater part of the material upon which this paper is based was 
presented before the meeting of the American Chemical Society at New 
York, April, 1935. | 
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EXPERIMENTAL 


Ascorbic acid, prepared from Hungarian red pepper in the fall 
of 1932, was purified by the methyl] alcohol-dioxane method (7) 
in the fall of 1934. No attempt had been made at the time of 
preparation to purify this batch of crystals. The original product 
had been sealed in a glass tube zn vacuo. After purification, the 
well formed white crystals were kept in vacuo in a desiccator over 
sulfuric acid. About twice a week a solution of the vitamin in 
ordinary distilled water was placed in vials, which were saturated 
with carbon dioxide gas, stoppered, and kept in an ice box till 
ready for use. The solution was fed daily to guinea pigs per os 
by means of a graduated dropper. 

2,4-Dinitrophenol (c. p.) dissolved in distilled water was like- 
wise given to the animals per os. 

Cortical hormone extract! was injected subcutaneously daily. 
The amount injected in the normal guinea pig should have been 
adequate (based on the assay) to prevent suprarenal deficiency in 
adrenalectomized animals. 

Young guinea pigs about 300 gm. in weight were employed 
throughout the experiment. The technique as to the preliminary 
care of the animals, diet, weighing, scoring, etc., described in the 
Sherman and Smith monograph, was followed (8). 1 ec. of cod 
liver oil was given to each animal every week. The thyroid diet 
(0.5 per cent) contained 3 gm. of dessiccated thyroid gland (Parke, 
Davis and Company) per 600 gm. of the basal diet. 

At definite intervals, animals were etherized and the degree of 
scurvy estimated. The organs were immediately removed, dried 
between sheets of filter paper, weighed, minced with sand, and 
extracted with a sufficient amount of 4 per cent trichloroacetic 
acid. The filtered solution, after the residue was pressed, was then 
titrated rapidly with 2,6-dibromophenol indophenol blue to the 
first permanent trace of pink color. The indicator solution had 
previously been standardized against a known weight of pure 
ascorbic acid so that the amount of vitamin C in the tissues could 
easily be calculated (allowance being made for the blank in every 
ease). This direct titration method, extensively used at the pres- 
ent time, agrees reasonably well with animal assay work. 


1T am greatly indebted to Dr. E. C. Kendall, Department of Biochem- 
istry, Mayo Clinic, Rochester, Minnesota, for a generous supply of the ex- 
tract and for the assay. 


J. L. Svirbely 
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The results of the experiments are recorded in Table I and Fig. 1. 

Vitamin C and Cortical Hormone—aAs evident from the data in 
Table I and the weight curves in Fig. 1, cortical hormone per se 
has no influence on the survival period of guinea pigs on a scorbutic 
diet, thus confirming previous work (9, 10). Loss in weight and 
failure of appetite in scorbutic guinea pigs occur generally after 
the 15th day. The survival period (usually ranging from 20 to 
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Fic. 1. Influence of various factors on the weight and survival period 
of guinea pigs. 


48 days) and degree of scurvy depend on a variety of factors, such 
as infection, fasting, the animal itself, ete. At necropsy, gastro- 
intestinal hemorrhages are not always observed, though the other 
symptoms of scurvy are present to a marked degree. 

The minimum protective dose of pure ascorbic acid necessary 
to insure protection against scurvy in guinea pigs is considered to 
be at least 0.5 mg. daily per os. This amount may, however, be 
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inadequate if the tooth structure method of assay is employed. 
If less than this minimum protective dose is given, a certain degree 
of scurvy is to be expected. Thus, in a 55 day test period, a fair 
degree of scurvy with little change in weight has been recorded by 
giving 0.25 mg. of fairly pure ascorbic acid per os (11). Similar 
results were obtained with 0.3 mg. (2). A marked difference in 
survival and scorbutic symptoms was obtained by Grollman and 
Firor (9) when 0.25 mg. of pure ascorbic acid was given per os 
or by interperitoneal injection to guinea pigs. It is chiefly to this 
wide variation in response by the different modes of administra- 
tion that the reported beneficial results of Lockwood and Hart- 
man (12) have been explained as due to the presence of vitamin C 
in the injected cortical hormone extracts. It is hardly conceiv- 
able, however, that sufficient ascorbic acid can be present in such 
extracts to account for this explanation in view of the solvents 
employed. The cortical hormone extract used in the present 
series of tests was devoid of ascorbic acid since 1 cc. of the extract, 
on titration with 2,6-dibromophenol indophenol blue before and 
after treatment with H.S for 1 hour (followed by removal of the 
gas), gave the same titration value as with ordinary distilled water. 

Certain limitations should, however, be recognized in the evi- 
dence presented by Lockwood and Hartman to describe the marked 
influence of cortical hormone extract in delaying the onset of 
scurvy symptoms. The slight differences in scurvy score with 
little change in weight in the 28 day test rather than a more ex- 
tended period can be attributed to the individual variations of the 
animals. <A greater degree of protection against scurvy may have 
been expected as regards the amount of orange juice fed (0.7 ce. 
of orange juice contains about 0.42 mg. of ascorbic acid). 

The data presented in this paper indicate clearly that guinea 
pigs receiving 0.25 mg. of ascorbic acid (half the minimum pro- 
tective dose) compared in every respect with those receiving the 
cortical hormone extract in addition to the same amount of vita- 
min C. Delay in the onset of scurvy symptoms was not observed. 
The vitamin C contents of the organs together with the usual data 
support this view. The slower drop in weight of the cortin-in- 
jected animals during the early part of the test is also indicated in 
the charts of those working on this subject (9, 12). 

It is likewise evident from these tests that vitamin C in adequate 
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amount is essential for the proper utilization of the cortical hor- 
mone, whether elaborated by the intact gland or supplied as the 
extract by injection. Vitamin C ordinarily disappears at a marked 
rate from the suprarenals of guinea pigs (7), though traces may 
still be present in organs of animals dying of scurvy (4). Marked 
histological changes in the cortical portion of the gland (13), as 
well as hypertrophy of the suprarenals in scurvy (14), have been 
described. Since the functions of the suprarenal are markedly 
disarranged in scurvy, it may be expected that a brief temporary 
beneficial effect may be obtained if cortin be injected with less 
than the required amount of vitamin C. Cortin has been shown 
in curative tests (10) to be of no influence in scorbutic guinea pigs. 
In the case of suprarenalectomized dogs (which synthesize their 
own vitamin C), lack of sufficient cortical hormone is responsible 
for weakness, and loss in weight and appetite, while gastrointesti- 
nal hemorrhages as well as contracted bladder are characteristic 
symptoms at necropsy. It is not improbable, therefore, that 
guinea pigs dying of scurvy may also have acute suprarenal 
deficiency to complicate the clinical picture. 

Effect of Thyroid Diet and a-Dinitrophenol—The beading of the 
costochondral rib junctions is a familiar observation at necropsy of 
scorbutic animals. Evidence of this beading as well as a slight 
fragility of the hind leg bones was noticed on the 5th day of the 
thyroid diet. These symptoms are not present in guinea pigs 
fed the usual diet in the same time interval. This beading of rib 
junctions was not observed in the thyroid-fed guinea pigs when 2 
mg. or more of vitamin C were given daily for a period of 30 days. 
The leg bones, though slightly brittle even when vitamin C was 
fed, did not appear to be of the same mushy type commonly found 
in scorbutic animals, but were nevertheless designated in Table I 
with (?) since no other signs of scurvy were noted. The influence 
of the thyroid hormone in scorbutic animals, especially after the 
functions of the suprarenals have been disarranged, should possibly 
be kept in mind in the usual method of scoring. 

The amount of dried thyroid gland consumed by the animals 
was unusually large and the effects rather drastic. Under these 
conditions, however, more pronounced results are obtainable. 
The general vitality and appearance of the guinea pigs were more 
marked as the amount of ascorbic acid was increased. Too large 
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a consumption of the thyroid diet may lead to death.2 Kendall 
et al. (15) have definitely shown that more cortical hormone is re- 
quired for suprarenalectomized dogs if thyroxine is also adminis- 
tered. 

The data in Table I present some striking results. The ascorbic 
acid per gm. of tissue depends on the amount of vitamin C fed. 
The increase was more pronounced in the suprarenals and liver, 
with that of the spleen fairly constant. Appreciably lower values 
were obtained on the thyroid diet, which indicates that as the 
metabolic rate of the organs is increased more vitamin C is re- 
quired. The increase in size and weight of the suprarenals of 
animals on the thyroid diet together with the ascorbic acid content 
of the gland when compared to the controls is evident. 

a-Dinitrophenol has no influence on the survival period in 
scurvy. The amount fed to the animals (4 mg. per kilo of body 
weight) was of the same magnitude as used by others working 
with this substance. The ascorbic acid content of the liver and 
spleen was markedly low on the 5 mg. vitamin C level. 


SUMMARY 


Ascorbic acid, kept in vacuo for 2 years, does not lose its anti- 
scorbutic potency. 

Ascorbic acid in adequate amount is necessary for the proper 
utilization of the cortical hormone. Cortical hormone extract does 
not prolong the survival period of guinea pigs on a scorbutie diet. 
The extract as ordinarily prepared after treatment with ethyl 
ether and other solvents contains no significant amounts of ascorbic 
acid. 

Large amounts of ascorbic acid promote the general vitality and 
appearance of guinea pigs on a thyroid diet. The vitamin C con- 
tent of organs depends on the amount of ascorbic acid fed and 
decreases as the metabolic rate of the tissues is increased. 

a-Dinitrophenol has no influence on the survival period in scor- 


2 One guinea pig on the 20 mg. of ascorbic acid dose, after eating about 
125 mg. of dried thyroid gland daily, was found dead on the 19th day. 
Marked gastrointestinal hemorrhages and contracted bladder were ob- 
served at necropsy. The ascorbic acid content of the organs was high. 
Death in such instances should possibly be ascribed to suprarenal defi- 
ciency. 
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butic guinea pigs. It apparently has no harmful effects when 4 
mg. per kilo of body weight are employed. 
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FURTHER OBSERVATIONS ON THE POSSIBLE INTER- 
RELATIONSHIP BETWEEN THE PHYSIOLOGICAL 
ACTIONS OF THE PARATHYROID GLANDS 
AND VITAMIN D* 


By JAMES H. JONES 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


(Received for publication, June 13, 1935) 


In 1930 Morgan and Garrison (1) reported that large doses of 
parathyroid extract produced only a slight rise in the serum cal- 
cium of rachitic dogs. At that time these authors were inclined to 
believe that the failure of their dogs to respond to the extract was 
not due to the diseased condition of the bones but to a lack of stores 
of vitamin D. Kozelka (2) confirmed the observations of Morgan 
and Garrison and further claimed that if the rachitic animals were 
irradiated with ultra-violet light they immediately responded to 
parathyroid extract, but rachitic dogs which were given vitamin D 
by mouth failed to respond to the hormone preparation until 
nearly 3 weeks after the beginning of the administration of the 
vitamin supplement. However, since irradiated ergosterol is 
more effective in preventing parathyroid tetany than is direct 
irradiation of the animal, Kozelka suggested that possibly para- 
thyroid hormone acts by liberating vitamin D from the cutaneous 
and subcutaneous tissues. Ina later series of publications Morgan 
and associates (3) have concluded that the failure of rachitic dogs 
to respond to parathyroid extract is not due to a lack of vitamin D 
but to the absence of readily available stores of calcium in the 
body. 


* This investigation was aided by a grant made by the Faculty Research 
Committee of the University of Pennsylvania. 

A report concerning this work was presented before the Twenty-ninth 
meeting of the American Society of Biological Chemists at Detroit, April 
10-13, 1935 (J. Biol. Chem., 109, xlvi (1935)). 
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We have approached this subject by producing a rachitic-like 
condition in the presence of liberal quantities of vitamin D and sub- 
sequently determining the reactions of these animals to large doses 
of parathyroid extract. This procedure was made possible by the 
work of Guyatt, Kay, and Branion (4), who showed that a patho- 
logical condition simulating rickets could be produced in rats by 
adding a small amount of beryllium carbonate to the diet even 
though ample vitamin D were administered. Because of their 
better adaptability to experiments involving parathyroid extract, 
we used young dogs as experimental animals, although to our 
knowledge beryllium rickets had never been produced in this 
species. 

EXPERIMENTAL 


Nine pups of three litters, 6 to 8 weeks old, were placed on a 
modification of the Karr-Cowgill' diet for dogs. Two of the ani- 
mals received the basal diet and seven were given the same ration 
to which was added 0.75 per cent BeCO3. Of the animals receiv- 
ing the beryllium salt, one was given 5 ec. of cod liver oil per day 
and three were irradiated with ultra-violet light for 15 minutes 
each day, except Sunday. One of the animals not receiving 
beryllium was also irradiated and the other given cod liver oil. 
One of the irradiated animals which was being fed beryllium died 
shortly after the beginning of the experiment. The others grew 
rapidly but in a short time all of the animals receiving beryllium 
began to show signs of rickets. Within 6 weeks the rachitie condi- 
tion was well advanced, as indicated by clinical and Roentgeno- 
logical? examinations. Serum inorganic phosphorus was low in all 
the animals receiving the beryllium salt except the one receiving 
cod liver oil (Chart I). At this time parathyroid extract? was 
administered as shown in Chart I. Two different lots of para- 
thyroid extract were used. ‘The first lot, Extract 1, was standard- 
ized according to the original Collip procedure and the potency was 


1 The diet was composed of the following ingredients, expressed in per 
cent: casein, 37.6, sucrose 32.9, lard 19.0, salt mixture (Cowgill (5)) 2, 
yeast 5, bone ash 0.5, agar 1.5, butter fat 1.5. 

2 The author is grateful to Dr. Charles G. Johnston of the Laboratory 
of Surgical Research for the Roentgenograms. 

3 A part of the parathyroid extract used in these experiments was kindly 
furnished by E. R. Squibb and Sons. 
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expressed in the older and larger unit. The second lot, Extract 2, 
was standardized according to the recently adopted procedure and 
the potency expressed in the smaller unit. However, since both 
extracts were supposed to have equal potencies per unit volume, 
the dosage has been expressed in ec. of extract per kilo of body 
weight.4. The extract was given in increasing amounts, 24 hours 
elapsing between injections. Blood samples were taken before 
the first injection and 153 hours after each injection. The sera 
were analyzed for calcium and phosphorus. 
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Cuart I. Response of dogs afflicted with beryllium rickets to parathy- 
roid extract. 


Dogs 133, 125, 124, and 128 (Chart I) received Extract 1. 
(0.25 ec. of the extract per kilo of body weight produced a rise in 
calcium of about 4 mg. per 100 cc. of serum in Dog 133, which was 
a normal control (given cod liver oil but no BeCQs;). 0.5 ee. of 
the extract produced a further rise of a little over 4 mg. with the 
onset of toxic symptoms. ‘The other three of these four animals 
had beryllium in their diet and were consequently rachitic, although 
Dog 124 received cod liver oil and Dog 128 was irradiated. The 
response of these three dogs was slight as compared with that of 


4 Extract 1 contained 20 of the larger units per ce. and Extract 2 con- 
tained 100 of the smaller units per cc. 1 large unit is equal to 5 small units. 
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the control animal. The maximum rise was only 2 mg., although 
the dose for these animals was increased to 1 cc. per kilo of body 
weight. 

The remaining four animals were given Extract 2. Dog 131, 
which was an irradiated control, did not respond to this extract 
to the extent to which Dog 133 responded, although 0.75 cc. per 
kilo was given. However, the rise in calcium was very definite, 
being in the order of 4 mg. per 100 cc. of serum. Dogs 126 and 
127, which were given beryllium, and Dog 130, which was irra- 
diated in addition to receiving the beryllium, showed practically 
no response, in spite of the fact that the dose was again increased 
to 1 ec. per kilo. 
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Cuart II. Effect of irradiation of dogs afflicted with beryllium rickets 
on the response to parathyroid extract. 


As Dogs 125, 126, and 127 had received no vitamin D up to this 
time, they were continued on the same diet but were irradiated as 
indicated in Chart II. Dog 125 was irradiated for. 15 minutes 
daily (except Sunday) for 34 days, and was then given a series of 
injections of Extract 2. As Chart II shows, the response was no 
greater after irradiation than before. Dogs 126 and 127 were 
irradiated 4 hour daily (except Sunday) for 23 days and each was 
then given a single injection of 1 cc. per kilo of body weight of 
Extract 2. As before, these animals failed to respond to the 
extract. From these data it appears that rachitic dogs fail to 
show the usual toxic effects of large doses of parathyroid extract, 
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even though liberal quantities of vitamin D are administered. 
The results are in accord with the ideas of Morgan and associates 
who, as mentioned above, believe that a lack of readily available 
calcium is the cause of the failure of rachitic animals to respond to 
parathyroid extract. The findings of Selye (6), however, should 
also be considered in this respect. He observed an increase in 
osteoclasts in the bones of animals given parathyroid extract. If 
the administration of the extract was continued for some time, 
the animals developed a resistance, and examination of the bones 
showed that the osteoclasts had been replaced by osteoblasts. It 
is possible that the resistance of rachitic animals to parathyroid 
extract may be due to an increase in the number of osteoblasts. 

Kay and Skill (7) have presented rather convincing evidence 
that beryllium rickets is due to the formation of insoluble beryl- 
lium phosphate in the intestinal tract. There is, however, the 
remote possibility that beryllium interferes with the assimilation 
of vitamin D. If this were the case, the failure of the parathyroid 
extract to produce its usual toxic symptoms in the above experi- 
ments might be caused by a deficiency of vitamin D, even though 
a liberal amount was supplied to the organism. 

To test this possibility several young rats were placed on a modi- 
fication (8) of the Steenbock-Black rachitogenic diet until rickets 
was well developed. 0.50 per cent beryllium carbonate was then 
added to the diet and after a few days the administration of vita- 
min D was begun. Some of the animals were irradiated for 15 
minutes daily and to the diet of the others was added 3 per cent of 
cod liver oil. After 2 weeks the administration of the vitamin 
supplements was discontinued and at the same time beryllium 
was omitted from the diet. ‘The animals were killed 9 days later 
and examination of the wrists by the line technique showed 
marked healing. Assuming that no healing took place during 
the actual administration of the vitamin as the animals were 
receiving beryllium, the healing which subsequently occurred must 
have been due to the vitamin which was assimilated and stored 
during the time beryllium was being fed. This experiment indi- 
cates that beryllium carbonate does not interfere with the assimi- 
lation of vitamin D. 

As the dogs used in the experiments described above failed to 
respond in the usual manner to the administration of large amounts 
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of parathyroid extract, they presented an opportunity further to 
investigate another phase of this problem; 7.e., is the toxicity of 
irradiated ergosterol due to a stimulation of the parathyroid 
glands? Chart III shows the influence on serum calcium of treat- 
ing these animals as well as the two controls with 150,000 inter- 
national units of irradiated ergosterol’ per kilo per day. As Chart 
III shows, some of the rachitic animals did not respond quite as 
readily as the control animals; this is in agreement with the work 
of Brown and Shohl (9) who demonstrated that rachitic rats were 
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Cuart III. Effect of 150,000 international units of activated ergosterol 


per kilo per day on serum calcium and phosphorus of normal dogs and of 
dogs afflicted with beryllium rickets. 


somewhat more resistant to irradiated ergosterol than normal rats. 
However, there can be no doubt of the definite response which 
these animals elicited toward toxic doses of irradiated ergosterol, 
although they failed to react to large amounts of parathyroid 
extract. In fact, Dogs 125 and 130, which were both rachitic, 
showed as rapid and pronounced a rise in serum calcium as either 
of the controls. Reed and Seed (10) working with humans and 
Pugsley (11) with rats have previously shown that certain individ- 


®° Furnished through the courtesy of Dr. C. E. Bills of Mead Johnson and 
Company. 
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uals which fail to respond to large doses of parathyroid extract 
will still react in the customary manner to overdosage with irra- 
diated ergosterol. In view of the data presented in this paper and 
the observations quoted above, it is hardly conceivable that the 
toxicity of irradiated ergosterol is due to a stimulation of the 
parathyroid glands. 


SUMMARY 


Young growing pups which were fed a modification of the Karr- 
Cowgill diet for dogs to which had been added 0.75 per cent 
beryllium carbonate developed a severe rachitic condition in a few 
weeks. Neither direct irradiation of the animals with ultra-violet 
light nor the administration of cod liver oil prevented the onset of 
the disturbance. Large doses of parathyroid extract failed to 
produce any marked rise in the level of calcium in the serum of the 
beryllium-fed animals, even though vitamin D was administered. 
150,000 international units of irradiated ergosterol per kilo per 
day readily produced a marked hypercaleemia with toxic symp- 
toms in the animals which failed to respond to parathyroid extract. 

From the data presented it appears that the failure of rachitic 
animals to respond to parathyroid extract is not directly due to a 
lack of vitamin D. Furthermore the toxicity of irradiated ergos- 
terol is not due to a stimulation of the parathyroid glands. 
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The study of the metabolism of substances which occur in 
nature in large amounts and are continually synthesized and 
destroyed in the animal body presents almost insuperable diffi- 
culties. If substances such as natural fatty acids, amino acids, 
etec., are administered to an animal, we lose track of them the 
moment they enter the body, since they are mixed with the same 
substances already present. Furthermore, if a substance A is 
given to an animal and an excess of a substance B is afterwards 
discovered in the body or in the excretions, we can never be sure 
that the substance A has been converted into B, for a stimulation 
of the formation of B from some other source may equally well 
have occurred. The difficulty in following physiological sub- 
stances in the course of their transportation in the body, and their 
conversion into other substances, accounts for our ignorance with 
respect to many of the most fundamental questions concerning 
intermediate metabolism. The solution of these problems will be 
possible only when direct methods for tracing such substances are 
available. 

In order to follow directly the metabolism of physiological sub- 
stances many attempts have been made to introduce easily detect- 
able chemical groups into the molecule. Interesting results have 
been obtained by the use of synthetic derivatives containing 
halogens or phenyl groups, but all such substances differ so greatly 
from the corresponding natural substances in chemical and phys- 
ical character that they are treated differently by the body. 


* This work was carried out with the aid of a grant from the Josiah Macy, 
Jr., Foundation. 
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Problems of normal transport and metabolism cannot be studied 
with such material. 

In order successfully to label a physiological substance, it is 
essential that the chemical and physical properties of the labeled 
substance be so similar to the unlabeled one that the animal 
organism will not be able to differentiate between them. The 
chemist, on the other hand, must be able to distinguish and to 
estimate them in small quantities and at high dilutions. 

A possibility for such a label is the use of an isotope. As the 
chemical properties of the various isotopes of an element are 
almost identical, it is to be expected that the properties of an 
organic molecule will remain unaltered if one or even several 
of its atoms are replaced by their isotopes. At present the only 
available isotope of elements which occur in organic molecules is 
the heavy isotope of hydrogen (deuterium) (1).1. It occurs in 
nature in the ratio of 1 atom of deuterium to 5000 atoms of ordi- 
nary hydrogen (protium) (4, 5). Water obtained from all sources 
investigated showed almost the same concentration of deuterium. 
The variations in density are of the order of 3 parts per million. 
Stewart and Holcomb (6) and Breusch and Hofer (7) have ana- 
lyzed the water obtained from animal organs and found the density 
to be the same as that of tap water. The fact that the hydrogen 
in physiological material contains the same amount of deuterium 
as ordinary water is in itself a proof that the organism cannot 
distinguish between molecules which contain only protium and 
those few organic molecules which contain deuterium atoms. If 
they were treated in a different way, a dilution or concentration of 
one or the other isotope would have been observed in biological 
material. 

We have already prepared several physiological substances 
(fatty acids and sterol derivatives) with 1 or more atom per cent 
of deuterium. In spite of the large deuterium content we could 
not detect any differences in their properties within the limits of 
our physical methods. The melting points and the optical rota- 
tions of the optically active substances were unaltered. We 
describe in this paper only the preparation of deuterium-contain- 


1 A review of this rapidly growing field can be obtained from ‘‘Hydrogen 
isotope of atomic weight two,’’ by Urey and Teal (2) or ‘‘Light and heavy 
hydrogen,’’ by Farkas (3). 
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ing stearic acid from linoleic acid. Other substances will be 
described in detail {n later publications dealing with their use in 
animal experiments. 

Despite their resemblance to the natural products these sub- 
stances can easily be distinguished for on combustion the resulting 
water contains an amount of heavy water equivalent to the 
deuterium content of the organic material. If natural stearic 
acid is burned, the water obtained contains 0.02 atom per cent of 
heavy water, whereas stearic acid 6-7-9-10d,? yields water with 
11.11 atoms per cent of heavy water. 

With the help of highly sensitive methods already worked out 
by physicists we are able to determine deuterium or heavy water 
with a precision of 0.001 per cent. The fate of such substances, 
after administration to animals, can therefore always be traced in 
minute amounts with the aid of these methods. 

In order to label a substance, the deuterium must be put into 
the molecule in such a position that the hydrogen (or in our case, 
the deuterium) is not interchangeable with the hydrogen of water. 
In working with compounds containing deuterium cognizance 
must be taken of an interesting group of reactions (9-15). If a 
compound such as RCOOD is dissolved in water, a rapid reaction 
takes place, RCOOD + HOH = RCOOH + HOD. A similar 
reaction takes place with the hydrogens on —OH, —-NH2, —-CHO, 

H O | 
Be 


and —C-—-C—C_ groups. The latter goes through the formation 


of the enol form. Hydrogen atoms attached to all aliphatic or 
aromatic compounds, with these exceptions, are quite stable. In 
our experiments we have introduced the deuterium into carbon 
groupings by catalytic hydrogenation of unsaturated compounds. 

We have carried out several preliminary experiments on the fat 
and sterol metabolism (to be reported in subsequent papers), 
which have convinced us that the possibilities of our methods in 
the study of metabolic questions are very great. Weare, however, 


2 The modified Bougton nomenclature (8) is used for our compounds. 
In this and the following papers we shall define the atom per cent of deu- 
terium in a compound as the ratio of the number of deuterium atoms in the 
sample to the total number of hydrogen atoms. The word hydrogen is 
taken to mean any mixture of protium (H) and deuterium (D). 
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aware of theoretical limitations which must be taken into account 
when these methods are employed. 

The procedure discussed can be used only for such substances 
as contain stable hydrogen. A substance such as oxalic acid, for 
example, cannot be investigated as both hydrogens in it are labile. 

In dealing with the intermediary metabolism of organic sub- 
stances the physiologist is primarily interested in the fate of the 
carbon atoms rather than that of the hydrogen. By definition 
the conversion of sugars into fats, for example, means the utiliza- 
tion of the carbon of the sugar for the fat synthesis, even if all the 
hydrogen atoms of the sugar were removed from the carbon during 
the process. By using our method for the study of the con- 
version of one substance into another, we can probably follow only 
processes in which the hydrogen (or deuterium) remains fixed at 
the carbon atom during conversion. 

For theoretical reasons the use of deuterium seems to us un- 
limited for tracing the transportation of organic molecules con- 
taining stably bound hydrogen atoms. Analysis for deuterium 
will always indicate the route taken by such substances after their 
administration. On the other hand, if the conversion of one sub- 
stance into another is to be investigated, the deuterium, even if at 
a stable position initially, may be lost in the metabolic process 
when (a) chemical reactions occur at the carbon atom at which 
the deuterium atom is bound, or (b) a ketone group is formed at one 
of the neighboring carbon atoms. We are not able as yet to state 
to what extent such conditions would limit our work. A partial 
loss, which has to be expected, would certainly not invalidate such 
experiments. An investigation of this question is in progress. 

If deuterium is taken away from the carbon atom of the organic 
molecule, either by such interchange reactions with the body 
fluids, or by combustion of the whole molecule, the resulting heavy 
water will mix with the body fluids. As the kidney (6) and other 
secretory organs are not able to concentrate heavy water (16, 17), 


§ The use of a carbon isotope C™ instead of deuterium would open some 
fields which cannot be attacked with deuterium. But even if such an iso- 
tope were available, the preparation and analysis of compounds would offer 
greater difficulties than the use of the hydrogen isotope. Nitrogen isotopes 
could undoubtedly open a wide field for the investigation of the nitrogen 
metabolism. 
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the deuterium will be equally distributed in all fluids.4 Therefore 
a determination of the deuterium in the body fluids during or at the 
end of such experiments will indicate how much of the substance 
administered is burned, or how much of the deuterium has become 
labile. The determination of deuterium in the body fluids, which 
we have carried out in almost all animal experiments, can there- 
fore give very valuable clues. 

Other reactions between the body fluids and organic body 
material can be followed with the help of deuterium. Substances 
synthesized in the organism will use some of the hydrogen from 
the water of the body fluids. Reitz and Bonhoeffer (18) have 
shown that green alge grown in water mixed with heavy water 
contain deuterium atoms which are not exchangeable with water. 

Therefore, by administering heavy water to animals over a 
certain period, the analysis of stable deuterium in its different 
organic constituents will indicate which of these substances used 
hydrogen of the body fluids for their synthesis. Deuterium in 
such cases will be a general indicator for following the synthesis 
of organic material. 


EX PERIMENTAL 


Stearic Acid 6-7-9-10d, from Linoleic Acid—4.5 gm. of methyl 
linoleate were shaken with about 100 mg. of platinum oxide in dry 
petroleum ether at room temperature in an atmosphere of deu- 
terium. After 85 minutes the theoretical amount of gas was 
absorbed. The ester was saponified and the acid recrystallized 
from alcohol; m.p., 69°; no depression of the melting point occurred 
on mixing with stearic acid prepared by catalytic reduction of 
linoleic acid with ordinary hydrogen. 

0.489 gm. of acid was burned. After purification of the water 
0.362 gm. was diluted with purified tap water to 1.149 gm. The 
sample was measured in a 40 mm. cell of the Zeiss interferometer. 
The deuterium concentration in the diluted sample was 3.43 per 
cent. The acid, therefore, contained 10.87 per cent deuterium 
(calculated, 11.11 per cent). 


‘A small part of the deuterium will also interchange with the labile 
hydrogen atoms of the organic body material such as proteins, carbohy- 
drates, and others. This part will be small and probably negligible in 
metabolic experiments. 
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SUMMARY 


1. The use of the hydrogen isotope, deuterium, is proposed for 
the study of intermediary metabolic processes. As the concen- 
tration of deuterium can be analyzed in small samples with high 
precision, the fate of a physiological substance in which some of the 
hydrogen has been replaced by deuterium, can be traced in the 
organism after administration. 

2. The possibilities and limitations of the physiological applica- 
tions are briefly discussed theoretically. 

3. The preparation of stearic acid 6-7-9-10d,; is described. 
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The application of the heavy hydrogen isotope, deuterium, to 
physiology presents the following problems of technique: (1) 
generation of deuterium gas from heavy water to be used in the 
reduction of unsaturated substances; (2) combustion of organic 
substances containing deuterium; (3) purification of small amounts 
of water; (4) measurement of the deuterium content of smal] 
amounts of water. 

We have modified methods in use in physical laboratories to 
make them applicable to small amounts of substances which can 
be obtained in physiological experiments. 

We shall describe only the general principles, since the partic- 
ular details would require an excessive amount of space. 


EX PERIMENTAL 


Preparation of Deuteri'um—The apparatus for the production of 
deuterium is shown in Fig. 1. The deuterium is produced by 
the electrolysis of a dilute solution of D.SO,; in D.O in cella. The 
gases are dried by passing them through traps 6 and c immersed 
in solid carbon dioxide. The oxygen bubbles through the mercury 
to the air, while the deuterium bubbles up into bulb d. The gas 
in d is periodically discharged into the 5 liter storage reservoir e 
in which the pressure is kept less than 1 atmosphere. With the 
aid of the Toeppler pump, f, the gas may be transferred to the 
reaction bulb or pumped back from the reaction bulb to the storage 


* This work was carried out with the aid of a grant from the Josiah Macy, 
Jr., Foundation. 
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reservoir. Trap g is immersed in solid CO.. This prevents the 
vapors of the solvent in the hydrogenation vessel from diffusing 
back into the storage reservoir e. The hydrogenation is carried 
out in ordinary hydrogenation bulbs. The amount of gas absorbed 
during the hydrogenation may be calculated from the change of 
pressure in the system as shown on the manometer, h. The only 
rubber connection in the apparatus is between trap g and the 
hydrogenation flask. 


Fic. 1. Deuterium generator. For the significance of the symbols see 
the text. 


The hydrogenation with deuterium must not be carried out 
with unsaturated substances containing labile hydrogen such as 
acids or alcohols. This hydrogen would interchange with the 
deuterium gas in which the substance is shaken, and a part of this 
hydrogen would enter the double bond. In order to hydrogenate 
such compounds, esters or other derivatives must be used. 

Combustion of Material—The method is in general the same as 
that used for the determination of carbon and hydrogen in organic 
material (see Fig. 2). The only difference is that the water is not 
absorbed on a hygroscopic salt but is frozen out by solid COs. 
The oxygen is first carried over heated CuO and then dried by 


to_ pump 
a) 
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passage through trap a, immersed in solid CO.. The dried oxygen 
is carried over the heated substance in boat b, and the water 
formed by combustion in the tube is frozen out in trap c. The 
quantity of material to be burned depends upon its probable 
deuterium content. The samples analyzed ranged from 0.07 to 
1.0 gm. 

Purification of Water—After many unsuccessful attempts the 
following procedure was found satisfactory. The trap c contain- 
ing the water was connected to another quartz combustion tube 
filled with CuO and heated to 750°. A slow stream of dry oxygen 
carried the water vapor through the quartz tube and the water was 
frozen out in trap d. When all the water had been collected in d, 
a few crystals of CrO3 were added and the trap was connected by 


CuO 


CuO 
if Furnace 


Fic. 2. Apparatus for the combustion of samples. For the significance 
of the symbols see the text. 


means of the ground joint to the distillation system shown in Fig. 
3. The water was gently boiled for 1 minute, and then distilled 
in vacuo to trap e which contained a small amount (2 to 10 mg.) 
of solid KOH and a few crystals of KMnQO,. Air was admitted, the 
ice melted, and the water gently boiled for 3 minutes. After 
cooling, the water was distilled 7n vacuo to trap f. Air was again 
admitted, the ice melted, and the water distilled to trap g in vacuo. 
The concentration of deuterium could now be determined in the 
water in trap g. Different samples of water were prepared by this 
procedure from normal rat fat and cod liver oil. Both the index 
of refraction and the density of these samples agreed to within 10 
parts in 10’ with the values for carefully purified tap water. 
Estimation of Concentration of Deuterium—lIf, in our samples, 
the concentration of deuterium in per cent multiplied by its weight 
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in gm. exceeded 0.2, the deuterium could be rapidly determined 
by the method of Crist, Murphy, and Urey (1). This method is 
based on the difference in refractive index of HzO and D.O. The 
difference is 0.00462 for the sodium D line at 20°. The measure- 
ment is carried out in a Zeiss interferometer. The accuracy is 
about 0.02 per cent for the concentration range in which we 
worked. This instrument requires about 1 gm. of water to make a 
reading. Since we rarely had so much, the water in trap g was 
diluted with distilled water to 1 gm. 


to 


U0; KUH-KMn, 


Fic. 3. Distillation system. For the significance of the symbols see the 
text. 


In many of our experiments a more sensitive device was neces- 
sary. We obtained this greater sensitivity by determining the 
density of the water by a submerged float method (2). The 
apparatus is shown in Fig. 4. A glass float @ is constructed so 
that it just floats in H,O at 0° at atmospheric pressure. If the 
pressure in the system is reduced, then, since the compressibility 
of the float is less than the water, the float will sink. It has been 
found that the pressure in which the glass float moves neither up 
nor down in the liquid is a linear function of the density of the 
liquid. In our apparatus a change in pressure equivalent to 1 
cm. of mercury corresponds to a change in density of 0.376 part 
per million. The floating pressure can easily be determined to less 
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than 1 em. so that the density can be determined to better than 
0.5 part per million. (Since the density of pure D.O is 1.1079, a 
change of 1 part per million in the density corresponds to about 
0.001 per cent deuterium.) 

To determine the density of a sample, 2.5 cc. of the water were 
placed in 6 and distilled into c im vacuo. (Since we seldom had as 
much as 2.5 cc. of water, we diluted our sample (by weight) with 
purified water.) c was cooled by a bath of ice and distilled water 
contained in the Dewar flask, d. After thermal equilibrium had 
been obtained, the pressure was adjusted by means of the stop- 
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to air to pump 


Fic. 4. Submerged float for determining densities. For the significance 
of the symbols see the text. 


cocks, 1, 2, 3, 4, until the float began to rise. The velocity of the 
float was determined by noting the time necessary for it to move 
past two cross hairs in the field of the microscope e. The pressure 
was then decreased and the downward velocity measured. A 
series of points was thus obtained. By plotting the velocity 
against the pressure a straight line was obtained, and the floating 
pressure could be read from the graph. If the pressure in the 
system is set at the floating pressure, the float will be stationary in 
the field of the microscope for 15 minutes. To insure the success 
of this method, extreme care must be taken that the float and the 
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apparatus are clean. The float was calibrated with a sample of 
dilute D.O whose density had been determined by pycnometer to 
within 1 part in 10°. 

The reproducibility of this method can be seen from the floating 
pressure as determined on four samples of triply distilled water; 
namely, 793, 763, 778, 767 mm. respectively. 

This instrument covers a range of 28 parts per million in the den- 
sity of water, or of 0.026 per cent in deuterium content. 


SUMMARY 


Methods are described for the generation of deuterium gas from 
heavy water, the combustion of deuterium-containing organic 
substances, the purification of small amounts of water, and the 
determination of the deuterium content in such samples. 
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DEUTERIUM AS AN INDICATOR IN THE STUDY OF IN- 
TERMEDIARY METABOLISM 


1II. THE ROLE OF THE FAT TISSUES* 


By RUDOLF SCHOENHEIMER anv D. RITTENBERG 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, June 26, 1935) 


In this communication we report on some exploratory experi- 
ments connected with the metabolism of fat in which we have 
tested our methods and their application to biological problems. 
We have fed mice for several days on a diet comprising a deu- 
terium-containing fat, and followed it after absorption. The 
animals were kept on a diet which was insufficient in quantity for 
them to maintain their weight. We expected that under these 
conditions almost all of the ingested fat would be burned and that 
relatively little would be deposited. Much to our surprise we 
found that, in spite of the fact that the animals had lost weight, a 
large proportion of the absorbed fat was deposited in the depots, 
indicating that the fat which was burned was not oxidized directly 
after absorption but had been taken from the fat depots. We have 
direct proof that a part of the deuterium-rich fat was burned in 
our animals, as the body fluids which we distilled off from our 
animals contained appreciable amounts of heavy water. 

It is well known that the properties of the storage fat in animals 
are somewhat dependent upon the properties of the food fat. It 
has been found possible to change the properties of the body fat 
somewhat by feeding either excessive amounts for a short period, 
or smaller amounts over a long period, of fats which differed 
markedly from the body fat. The changes observed in the 
properties of the storage fat are usually small since there exists a 


* This work was carried out with the aid of a grant from the Josiah Macy, 
Jr., Foundation. 
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tendency in the animal to alter the deposited fat to that typical 
for its species. 

Our methods enabled us to follow the fate of small amounts of 
fats, which could not be traced by any other method. We ana- 
lyzed mice after feeding them for 4 days on a diet with as little as 
1 per cent fat, and were able to determine how much of the fat was 
deposited in the fat tissues and how much was burned. 


EXPERIMENTAL 


The fat which we fed was a partially hydrogenated linseed oil. 
It had properties similar to that of olive oil. 

Partial Hydrogenation of Linseed Oil—50 gm. of dry linseed oil 
(iodine number 170) were dissolved in 100 cc. of dry petroleum 
ether (b.p. 40°) and shaken with 0.5 gm. of active palladium in an 
atmosphere of deuterium. The petroleum ether was previously 
treated four times with concentrated H.SO,, washed with water, 
and distilled from P2,O;. The linseed oil absorbed 5000 cc. of Dz» 
in about 4 hours. The petroleum ether was distilled off. 

The water obtained by combustion of 0.609 gm. of the oil was 
purified by the methods described in Paper II of this series. The 
atom per cent of deuterium in this oil was 5.74. The iodine 
number of the oil was 79.5. 

Feeding Experiments—Male mice were used in these experi- 
ments. Each animal was kept in a 600 ec. beaker containing 10 
gm. of ether-extracted wool for bedding. The food was placed in a 
small glass cup suspended by a glass rod from a wire screen cover- 
ing the beaker. Food was placed in the cup every day. Very 
little was spilled. 

At the end of the feeding period, the mice were killed with ether, 
and weighed again. The whole intestinal tract from the esophagus 
to the anus was taken out and put back into the beaker which 
contained the food cup, the wool, some spilled food, and the feces. 
The organs (liver, spleen, kidneys, adrenals, heart, and testes) 
were removed and analyzed separately. The amount of con- 
sumed fat was calculated from the amount of fatty acids given and 
the amount of fatty acids remaining in the beaker after the mouse 
was taken out. 
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Analytical Methods 


The carcasses of the mice, either individually or in groups, were 
placed in a 300 cc. round bottom flask with a short neck. 

Distillation of Body Water—The flask was connected with a — 
carbon dioxide-alcohol-cooled trap (see Paper I) and the system 
evacuated with an oil pump. The carcasses soon froze and ice 
sublimed into the trap. Several gm. were collected in this manner. 
The water collected in the trap was purified for the deuterium 
analysis in the manner described in Paper II. 

Isolation of Fatty Acids and Unsaponifiable Material from Car- 
casses and Organs—The method used for separating the total 
unsaponifiable material was similar to that described by Schoen- 
heimer and Breusch.! With some modifications it could also be 
used for the quantitative separation of the total fatty acids of the 
animals and the residues in the beakers. 

It is based on the observation that all the organic matter of 
animals dissolves easily in hot alkaline alcohol, which simul- 
taneously saponifies the esters. The method was simplified and 
is now applicable to the determination of unsaponifiable material 
and fatty acids in organic material. We describe only the anal- 
ysis of the mouse carcass. The procedure used in working up the 
organs and the material in the beakers was similar. 

After a part of the body water had been distilled off, 70 cc. of 
95 per cent ethyl alcohol, 10 cc. of water, and 7 gm. of solid KOH 
were added. The liquid was refluxed on a steam bath for 2 hours. 
All except the bones dissolved. The solution was filtered through 
glass wool, and the residue washed with hot alcohol. The filtrate 
and washings were combined and the alcohol distilled off. The 
remaining liquid was washed into a separatory funnel with ether 
and water. The aqueous layer was extracted three times with 
ether. The ether was washed with small amounts of water which 
were combined with the aqueous layer. The ether contained the 
unsaponifiable matter and was used to isolate the sterols. 

In order to separate the fatty acids, the alkaline aqueous layer 
was acidified with hydrochloric acid and twice extracted with ether. 
On acidifying, a generally small but sometimes voluminous precip- 


1 Schoenheimer, R., and Breusch, F., J. Biol. Chem., 103, 439 (1933). 
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itate occurs; this is not soluble in ether, and collects at the water- 


ether interface. 


It packs together on stirring with a glass rod and 


the water can easily be drawn off. The ether is washed with 


water until it is neutral. 


Before the last separation of ether and 


water the liquid is allowed to stand for 24 hours so that the ether- 


insoluble precipitate packs together. 


TABLE I 


The water is drawn off and 


Results of Experiments on Mice Fed a Diet Containing 20 Per Cent Fat 
The diet fat contains 5.74 atoms per cent of D. 


A ti A D2 in Diet fat in H 
— Feeding} Loss of of water 
ight n- ti 
atom | atom per per 
days gm gm. gm. gm. bed = pst cent | per cent 
1 2 22.5 1.8 0.54 2.06 | 0.27 4.7 
2 2 13.8 0.1 .58 | 0.42 | 2.17 37.8 
3 4 20.9 1.3 1.12 2.00 | 0.71 12.3 
4 4 15.1 0.4 1.28 | 0.39 | 2.61 37 .6 
5 & 17.1 1.1 2.61 0.97 | 2.71 47.4 0.33 
6 8 15.9 2.72 0.94 | 2.36) 3.33) 41.3) 58.0 0.47 
7 8 19.2 0.6 | 2.53 | 0.64 | 2.78 48.6) 
TABLE I[ 
Results of Experiments on Mice Fed Different Amounts of Fat 
E . Weight ‘Amount Amount D2 in | Diet fat in Heavy 
ent (Fat in Feeding! of ani- |Loss of) of fat jof total water 
ON diet | period to-| weight | con- fat in |Depot | Organ! Depot | Organ in body 
en gether sumed | depots | fat | fat fat fat fluid 
anne days gm. gm. gm. gm sed = cent | cent |Per cent 
8 4 10 08.9 | 2.2 5.4 0.715) 0.85} 12.514.8 | 0.036 
9 1 4 51.1) 2.8 | 0.251, 3.9 0.091 0.17) 1.6; 2.96) 0.008 


the precipitate and ether layer are transferred to an Erlenmeyer 
flask, dried with NasSQO,, and treated with a small amount of norit 
which absorbs a brown-colored material but no fatty acids. 
ether solution is filtered and the ether evaporated in an atmosphere 


of COs. 


determined according to the procedure described in Paper IT. 


The 


The residue was weighed and the deuterium content was 
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To estimate the amount of fat consumed, the fatty acids of the 
beaker were analyzed in a similar manner. The beaker contained 
the wool, small amounts of spilled food, the feces, and the intestines 
of the animals. A 500 cc. round bottom flask fitted with a rubber 
stopper and water inlet and outlet was placed over the beaker as a 
reflux condenser, and the contents were boiled with alkaline alcohol 
as described above. The bread particles did not dissolve and were 
filtered off through glass wool. The quantitative isolation was 
effected as described above. 

Mice Kept on Diet Containing 20 Per Cent Fat—The diet con- 
sisted of 80 per cent whole wheat bread and 20 per cent of deu- 
terium-containing linseed oil prepared as described above. Each 
mouse and each beaker was analyzed separately. The amount of 
food given was such that the animals consumed almost all of it 
except a few particles which they spilled. Despite their noticeable 
hunger, they did not eat this spilled food as it was contaminated 
with urine. All the mice lost some weight during the feeding 
periods, which varied from 2 to 8 days. The body water was 
analyzed only from the mice of Experiments 5 and 6, as this 
method was developed during the experiment. The results are 
given in Table I. 

Mice on 4 Per Cent Fat Diet—The mice were kept in separate 
beakers, but the analyses were carried out on the combined mice 
and the combined beaker contents. The values therefore give 
the average for all the mice (Table II). 

Mice on 1 Per Cent Fat Diet—In order to obtain a homogeneous 
mixture the fat was dissolved in ether and mixed with the finely 
ground bread, and the ether evaporated. The procedure was 
the same as in the experiment with the 4 per cent fat diet 
(Table II). 


DISCUSSION 


The partially hydrogenated linseed oil which we fed may, as a 
food component, be considered as equivalent to a natural fat. 
Its iodine number and physical properties correspond to those of 
olive oil. On theoretical grounds we cannot expect that molecules 
containing more deuterium than usual will be treated in a manner 
different from those in which the hydrogen is present in its ordi- 
nary isotopic ratio. We are confident that these results show us 
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the route that the analogous natural compounds take in the 
organism. 

We realize that our initial experiments have not given us all the 
information which our method could supply. Some of the analyt- 
ical methods were developed during the course of the research so 
that our data are not complete. We have shown, however, that 
this method has a wide field of use so that, even on so small an 
animal as a mouse, we could follow the fat from a diet containing 
it to the extent of only 1 per cent. 

The diet on which the mice were kept consisted principally of 
carbohydrate in order to avoid any disturbance of the fat metab- 
olism. The small loss of body weight which all the animals showed 
resulted from insufficiency of food. The animals appeared healthy 
and ate almost all of the diet except the small amount which was 
scattered in the beaker and had become contaminated with urine 
or feces. 

We worked up the animals in such fashion that no fat was lost. 
Since it is almost impossible to obtain quantitatively the fat of the 
depots alone, we have analyzed the total fat of the animal after 
the internal organs had been removed. ‘The error involved in this 
procedure is small as the quantity of fat in the skin, muscles, and 
other organs is small in proportion to that in the depots. In this 
paper by depot fat is understood the total fat of the animal less 
that of the internal organs. The fact that in all our experiments a 
large part of the fat that we fed was found in the fat depots raises 
the problem as to whether all the fat, after absorption, is deposited 
in the depots before it is oxidized. From our experiments we can 
certainly say that the greater part takes this route. 

The fat in the internal organs had a higher deuterium content 
than the fat in the depots. This means that a small part of the 
absorbed fat goes directly to the organs. The absolute amount 
is not large since the total amount of fat in the organs is very small. 
We can as yet draw no conclusions as to the content of the liver 
since this organ was not worked up alone, but in conjunction with 
the other organs. When we began this work, we did not expect 
that we should be able to analyze for the deuterium content of the 
liver fat of a mouse which had been fed for only a few days on a low 
fat diet. Weare at present investigating this problem. 

The analysis of the body fluids shows that a part of the ingested 
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fatis burned. We did not attempt to determine the water balance 
of the animals in our experiments and cannot therefore directly 
estimate how much of the ingested fat was oxidized during the 
course of the experiment. Our analyses show that the mice which 
were fed a diet containing 1 per cent fat, for 4 days, consumed 
251 mg. of fat. Of this we found 119 mg. (47 per cent) in the fat 
depots. The body fluids of the mice had a concentration of 0.008 
per cent D.O. This amount of heavy water would be formed by 
the combustion of 50 mg. of our fat (20 per cent). The remainder 
of the deuterium must have been lost in the water excreted (urine, 
respiration, feces, etc.). 

After 8 days on a diet containing 20 per cent fat, about 50 per 
cent was found in the depots. As it is known that the properties 
of the fat depots are but slightly influenced by the fat of the diet, 
we must conclude that the absorbed fat is rapidly converted to the 
special fat of the animal. We must also expect that the deuterium- 
containing fatty acids have been converted to other fatty acids. 


SUMMARY 


1. Mice were fed from 2 to 10 days on a diet comprising 20 per 
cent, 4 per cent, and 1 per cent deuterium-containing fats. At the 
end of this period the deuterium content of the fat depots, the fat 
of the internal organs, and the body fluids was determined. 

2. A large part of the diet fat was found in the fat depots. In 
the case of the mice fed for 4 days on a diet containing 1 per cent 
fat, 47 per cent of the ingested fat could be found in the depots, 
and heavy water equivalent to 20 per cent of the ingested fat in 
the body fluids. 

3. Asmall amount of the absorbed fat was found in the internal 


organs. 

4. The experiments indicate that the largest part of the diet fat, 
even when it is present in small quantities, is deposited in the fat 
tissues before it is utilized. ‘ 
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DEUTERIUM AS AN INDICATOR IN THE STUDY OF 
INTERMEDIARY METABOLISM 


IV. THE MECHANISM OF COPROSTEROL FORMATION* 


By RUDOLF SCHOENHEIMER, D. RITTENBERG, ano M. GRAFF 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons. Columbia University, New York) 


(Received for publication, June 26, 1935) 


There exist in the animal organism sterols and sterol derivatives 
which are related to either czs- or trans-decalin. Theoretically by 
reducing the double bond in cholesterol two derivatives may be 
formed, dihydrocholesterol (trans) and coprosterol (cis), with the 
isomerism at carbon atom 5. | 

Cholesterol displays a tendency to form only dihydrocholes- 
terol; coprosterol has never been obtained directly from choles- 
terol. On the other hand asterol such as allocholesterol, with the 
double bond at position 4-5, forms coprosterol when hydro- 
genated (1). In view of the inherent improbability that the organ- 
ism can directly hydrogenate cholesterol into coprosterol, it has 
been suggested that one or more intermediary products may be 
involved in the biological conversion. 

Coprosterol is always formed in the organism in large amounts 
from cholesterol, as coprosterol is the form in which cholesterol 
is usually excreted with the feces. It is known that intestinal 
bacteria play a role in this conversion (2). Numerous attempts 
have been made to throw light on its mechanism which should 
lead to the recognition of intermediary products in the general 
cholesterol metabolism. 

Two methods are available for the preparation of coprosterol 
from cholesterol in the laboratory. The first is the catalytic 
hydrogenation of allocholesterol (I1) (1) by which procedure a 


* This work was carried out with the aid of a grant from the Josiah 
Macy, Jr., Foundation. 
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mixture of coprosterol (VI) and dihydrocholesterol (III) is formed. 
As no traces of allocholesterol have ever been found in the organism 
(3) the formation of coprosterol via allocholesterol can be excluded 
with a high degree of probability. Another and better method 
which yields only coprosterol (4), without any dihydrocholesterol, 
involves two intermediary steps. Cholesterol is oxidized to 
cholestenone (IV), a process which involves a shift of the double 
bond to position 4-5. This double bond is reduced with palla- 
dium and hydrogen and the keto group of the resulting copros- 
tanone (V) is reduced with platinum and hydrogen to coprosterol 
(VI). 


R 


HH 
hydrocholesterol 


} ~R7 


H 
V1 Coprosterol 


If the organism forms coprosterol by way of cholestenone and 
coprostanone, both substances should give rise to coprosterol 
when fed to an animal or a human. | 

We have now found that when cholestenone is fed to a dog, a 
large excess of sterols is excreted with the stools. By keeping dogs 
on different basal diets, it is possible to change the composition 
of the fecal sterols. It is known that on a meat diet dogs form 
large amounts of coprosterol (5), while on many other diets they 
excrete cholesterol as such. When our dog was fed dog biscuit, 
cholesterol was found in the stools; addition of cholestenone to the 
diet led to an appreciable increase of cholesterol excretion. While 
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on a meat diet, it excreted coprosterol, and administration of 
cholestenone induced an excess of coprosterol excretion. 

In order to make entirely sure that coprosterol was actually 
formed from the ketone, we have carried out feeding experiments 
with coprostanone into which we had introduced deuterium. 
A dog and a healthy human, after intake of this deuterium-con- 
taining coprostanone, excreted coprosterol which contained a 
large amount of deuteri um. 

The properties of coprostanone with deuterium at positions 4 
and 5 are of considerable interest. As the deuterium atom at 
position 4 is adjacent to the keto group, the possibility existed 
that enol formation might labilize this atom (VII to X). This 
was shown to be the case. By treatment with alkaline alcohol the 
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deuterium content of our compound was reduced to one-half. 
Owing to the uncertainty of the extent to which this loss of deu- 
terium by enolization occurs, prior to the biochemical reduction 
of the carbonyl group, it is not possible to infer from the deu- 
terium analysis the exact extent of the conversion of the ingested 
coprostanone into coprosterol. In the extreme case, each atom of 
deuterium in the recovered coprosterol would correspond to 1 
molecule of coprostanone; in the complete absence of hydrogen 
exchange, it would correspond to one-half this amount. 


EXPERIMENTAL 

The cholestencne used in the following experiments was prepared 

according to the procedure described in this Journal (6). The 
melting point was 80°. 
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Preparation of Coprostanone 4-5d,—10 gm. of cholestenone were 
shaken in 50 cc. of dry ether with 0.5 gm. of active palladium in an 
atmosphere of deuterium. The reaction stopped after 1 mole of 
gas was taken up. The ether was distilled off and the residue was 
recrystallized from aqueous alcohol. The substance gave a small 
amount of precipitate with digitonin, an indication that small 
amounts of coprosterol had been formed, by reduction of the 
ketone group. As this by-product could not be removed by 
recrystallization, the whole product was dissolved in alcohol and 
50 ce. of 1 per cent digitonin in alcohol was added. The mixture 
was brought to dryness and the residue extracted with ether. The 
ether extract after recrystallization had a melting point of 62° 
and an optical rotation in chloroform of [a]? = +36.9°. It gave 
no precipitate with digitonin. The mixed melting point with 
coprostanone prepared with ordinary hydrogen (m.p. 62°, [a]?? = 
+36.3°) showed no depression. 0.246 gm. was used for combus- 
tion. Found, 3.44 atoms per cent De. 

0.8 gm. of the coprostanone 4-5d, was refluxed in 50 cc. of alcohol 
containing 0.5 gm. of KOH. The solution was distributed be- 
tween ether and water, the ether washed neutral, and distilled off. 
As the residue did not readily crystallize, the semicarbazide was 
prepared according to the usual procedure. The semicarbazide 
contained 1.65 atoms per cent of D; whence the coprostanone 
contained 1.75 atoms per cent of D. 

Addition of Cholestenone to Diet of Dog Biscuit—A dog (male, 
12 kilos) was kept on a diet consisting of 300 gm. of dog biscuit, 
3.5 gm. of pork lard, 25 ec. of a 10 per cent solution of Liebig’s 
meat extract, and 8 cc. of cod liver oil. The dog ate this food 
completely and regularly and had regular stools. It did not lose 
weight. Prior to the first (control) period the dog had been on 
this diet for 10 days. The 750 mg. of cholestenone fed daily in 
Periods 2 and 3 were dissolved in the lard. In Table I we give 
the daily average of our results. 

Two control periods (Nos. 1 and 4), one before and one after the 
end of the cholestenone periods, were used. Between periods we 
left 5 days in which no analyses were carried out, in order to give 
the animal time to dispose of the last traces of cholestenone. The 
values of both control periods check well. 

The feces were collected every day, rubbed with anhydrous 
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sodium sulfate, and extracted with warm ether for 48 hours. The 
ether extract was saponified with 7 per cent alcoholic KOH, the 
unsaponifiable material extracted with ether, and the ether evap- 
orated under CO,. The total material was precipitated with 
digitonin. 

In both cholestenone periods there is a daily excess excretion of 
123 and 158 mg. respectively. The amount of total unsaponifi- 
able matter is less than was to be expected if all cholestenone were 
excreted as such, or after conversion into sterols. The balance of 
the cholestenone was probably absorbed. 

The sterols of the control periods and the sterols of the choles- 
tenone periods respectively were combined and the cholesterol 
was isolated according to the procedure previously described (7). 


TABLE I 


Cholestenone Feeding to Dog on Basal Diet of Dog Biscuit (Averages of Daily 
Analyses of Feces) 


Durati dditi otal un Total Sterols in | Saturated | Excess ex 
Period No.) of period | of choles- sterols 
days gm gm, gm. per cent per cent gm. 
1 10 0 0.428 0.203 47 12 
2 7 0.75 0.655 0.330 50.4 14 0.123 
3 4 0.75 0.713 0.365 51.2 13 0.158 
4 10 0 0.411 0.210 51.1 14 


The melting point of the material obtained from the control periods 
was 147°, and from the cholestenone periods 147.5°. Both gave 
no melting point depression when mixed with pure cholesterol. 

Addition of Cholestenone to Diet of Meat—The dog was kept on a 
diet of 400 gm. of chopped meat, 19.5 gm. of pork lard, and 10 gm. 
of ether-extracted wool. The wool was given as roughage, as on a 
pure meat diet the dog had very irregular stools. We preferred 
wool to filter paper, which is usually given to dogs for such pur- 
poses, as the wool facilitates the working up of the stools. The 
wool is not digested in the intestinal tract and its presence assists 
in regular defecation. 

Before the first stool was analyzed, the dog was kept on this 
diet for 12 days. The next 10 days served as a control period. 
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For the following 8 days 0.75 gm. of cholestenone was given daily, 
dissolved in the lard. 

With this diet the analysis of the stools was carried out in the 
following way: the stools were refluxed with 5 times their weight 
of 10 per cent alcoholic KOH for 2 hours. The wool and the 
stools dissolved readily except for a few particles which were 
filtered off through glass wool. The alcohol was distilled off and 
the residue distributed between ether and water. The aqueous - 
layer was several times extracted with ether, and the ether washed 
with water. The ether which contained the total unsaponifiable 
matter was brought to dryness and treated in the manner described 
above. The results are shown in Table II. When 750 mg. of 
cholestenone were added daily to this diet, the dog excreted a daily 
excess of unsaponifiable matter of 227 mg. of which about half 


TABLE II 


Cholestenone and Coprostanone 4-5d, Feeding to Dog on Basal Meat Diet 
(Averages of Daily Analyses of Feces) 


Daily addition of = 
Sterols in /Saturated 
Period | Duration) Total unsaponi-) sterols in 
No. lof period) Choles- | COPTOS- sterols fiable total an 
tenone | t#none matter 
4-5de 
days gm. qm. qm. gm. percent | per cent am 
5 10 0 0 0.428 | 0.203 47.4 8S 
6 8 0.750 | 0 0.655 | 0.330 50.4 9] 0. 127 
7 4 0 0.500 | 0.593 , 0.261 42.5 0 058 


were sterols. About 70 per cent of the ingested ketone was not 
recovered in the unsaponifiable matter and was probably absorbed. 
The rest was converted into sterols. 

The digitonides obtained from the unsaponifiable matter were 
split, the sterols brominated in alcohol, and the saturated sterols 
precipitated with digitonin (8). The amount of saturated sterols 
in total sterols of both periods was 88 per cent and 91 per cent 
respectively. The saturated sterols recovered from the digitonides 
were recrystallized several times from methyl alcohol. The 
melting point of the saturated sterols from the control period was 
100° and from the cholestenone period 99.5°. Both gave no 
melting point depression when mixed with coprosterol (m.p. 101°). 
No indication was obtained of the presence of appreciable amounts 
of dihydrocholesterol. 
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Addition of Coprostanone 4-dd2 to Diet of Meat—500 mg. of this 
ketone were given to the dog daily for a period of 4 days. The 
analysis was carried out as in the previous periods. We do not 
lay much emphasis on the quantitative analysis of the stools as 
the feeding period was so short. In this period the deuterium 
analysis of the excreted sterol gives a much more convincing proof 
of the conversion. The total unsaponifiable matter was precipi- 
tated with digitonin and the dried digitonides extracted with ether 
in a Soxhlet apparatus to remove any traces of the coprostanone 
which might be adsorbed on the digitonide. For the deuterium 
analysis the digitonide was subjected to combustion directly 
without separating the sterols. 

0.737 gm. of digitonides was burned. The deuterium content 
of the purified water was measured by the “float method’”’ (see 
Paper II of this series). The water contained 0.108 per cent 
heavy water. The sterols, therefore, had a 0.319 per cent deu- 
terium content on the assumption that the formula of the digito- 
tonide is Co7HygO + CssHosOos. On the assumption that the 
deuterium atom at position 4 had remained throughout the 
processes of metabolism, the figures would indicate that 9.68 per 
cent of the coprosterol in the feces was derived from the ingested 
coprostanone. If enolization had occurred completely, twice this 
amount (19.36 per cent) would have been so derived. 

Feeding Coprostanone 4-5d; to a Human—In this experiment no 
quantitative sterol balance was attempted. A healthy man, 24 
years of age, took 1 gm. of the ketone at 5 o’clock in the afternoon 
on 2 successive days. The substance was dissolved in butter and 
taken with bread. 5 hours before the first, and 5 hours after the 
last coprostanone meal he ate grapes, the seeds of which served us 
as an indicator in the stools. The balance of the diet was of a 
usual type. The isolation of the sterols was performed on the 
portion of stool excreted between the two grape seed markers, in 
which the greatest concentration of the newly formed coprosterol 
was to be expected. 

The unsaponifiable material (2.3 gm.) was precipitated with 
5.0 gm. of digitonin, the digitonide (5.2 gm.) extracted with ether 
in a Soxhlet apparatus, and split with pyridine and ether. 1.7 gm. 
of colorless sterol were obtained of which 93 per cent was satu- 
rated. The crude material melted indistinctly at 80°. 0.857 gm. 
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was burned for the deuterium analysis; the water contained 0.69 
per cent heavy water. | 

If the deuterium at position 4 had not remained in situ, the 
figures would indicate that 20.9 per cent of the coprosterol in the 
feces was derived from the ingested coprostanone. If complete 
exchange had occurred, twice the amount (41.8 per cent) would 
have been so derived. 

The remainder of the sterol was recrystallized five times from 
methyl alcohol; m.p.,100.5°. The melting point was not depressed 
on mixture with coprosterol. 


DISCUSSION 


In experiments concerned with the conversion of other sub- 
stances into coprosterol the following source of error must be taken 
into account. Unsaponifiable substances, even if they have no 
chemical relation whatsoever with the sterols (e.g. mineral oil), 
when fed in large amounts may lead to a small excess excretion of 
cholesterol or coprosterol in the feces. The reason is obviously 
that small amounts of sterols in the intestinal tract dissolve in the 
oil and are prevented from being absorbed. This excess is always 
small, and only detectable if very large amounts of the unsaponi- 
fiable substance is fed. The excess excretion of sterols in our 
experiments after feeding comparatively small amounts of choles- 
tenone is much larger than could be accounted for by such a 
mechanism. In the case of coprostanone the use of deuterium as 
an indicator gives a direct and unequivocable proof of the 
conversion. 

From these experiments it seems highly probable that in the 
body the same route is taken for the formation of coprosterol from 
cholesterol as is followed in the laboratory. The first step in this 
reaction would be oxidation of cholesterol to cholestenone, and 
secondly reduction to coprostanone. As, on the other hand, 
cholestenone can also be converted into cholesterol, the formation 
of cholestenone from cholesterol seems to be a biologically revers- 
ible process. 

The experiments do not, however, prove that this is the only 
course the organism follows in the formation of coprosterol, and 
it may be that there are still other ways at its disposal. As yet 
neither cholestenone nor coprostanone has been found to be a 
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constituent of the animal organism or of the feces. As far as we 
know, no attempt has been made to isolate these ketones. Page 
and Menschick (9) and Schoenheimer (10) have found in the 
sterol fraction of atherosclerotic aortas an absorption band at 
238 mu which is characteristic for a,8 unsaturated ketones (11) 
and might be due to the presence of small amounts of choles- 
tenone. On the other hand, with some new reactions which will 
be reported later we have found evidence that in the unsaponifi- 
able matter of feces there are appreciable amounts of ketones. 

The coprosterol formation is a process in which intestinal bac- 
teria play a role. The fact that under different diets either 
cholesterol or coprosterol was excreted in our experiments is 
certainly due to a change in the intestinal flora. According to our 
experiments the first step in this reaction would be the oxidation 
of the hydroxyl group in cholesterol to cholestenone. We have 
no indication as yet whether such an oxidation takes place within 
the intestinal lumen, or whether cholestenone is formed outside 
the intestinal tract and is hydrogenated by the bacteria after 
secretion into the gut. 

The suggestion that cholestenone is an intermediary substance 
in the sterol metabolism could explain many biological processes. 
The reduction of cholestenone, either partially or totally, can give 
rise to many substances, as the reduction of each double bond 
could give rise to cis and trans isomers. The substances obtain- 
able from cholestenone would be as follows: reduction of (A) 
the double bond: (1) cholestanone, (2) coprostanone; (B) the 
keto group: (3) allocholesterol, (4) epiallocholesterol,! and by 
shifting the double bond, which goes on spontaneously, (5) choles- 
terol, (6) epicholesterol;! (C) both double bond and keto group: 
(7) dihydrocholesterol, (8) coprosterol, (9) epidihydrocholesterol, 
(10) epicoprosterol. 

In this paper evidence was given for the biological conversion 
of cholestenone into cholesterol (5) and coprosterol (8), and of 
coprostanone (2) into coprosterol (8). There are many sub- 
stances known in the organism which are derivatives of some of 
these sterols (bile acids from (9) and (10), male hormones from 
(9) and (7), corpus luteum hormone from cholestenone, pregnan- 


' Hpiallocholesterol and epicholesterol have not yet been prepared. 
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diol from (10) ete.). Partial or total hydrogenation of choles- 
tenone and oxidation of the side chain have been employed for the 
preparation of several of these substances in the laboratory. The 
results which we have obtained by using deuterium as an indicator 
for the study ‘of the coprosterol formation encouraged us to try 
in a similar way to ascertain whether the organism uses choles- 
tenone as an intermediate in the preparation of other biologically 
important sterol derivatives. 


SUMMARY 


1. Cholestenone, when fed to a dog on a basal diet of dog biscuit, 
is converted into cholesterol, but when added to a meat diet is 
converted into coprosterol. 

2. The conversion of coprostanone into coprosterol in a dog 
and a human could be followed with the help of deuterium. 

3. Coprostanone 4-5-d, is described; one-half of its deuterium is 
readily exchanged for protium by enolization. 

4. The physiological significance of cholestenone and copro- 
stanone as intermediates of sterol metabolism is discussed. 
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THE TRICHOGENIC ACTION OF THE SULFHYDRYL 
GROUP IN HEREDITARY HYPOTRICHOSIS 
OF THE RAT 


By GUSTAV J. MARTIN anp R. E. GARDNER 


(From the Biochemical Laboratory and the Department of Tmmunology, 
School of Hygiene and Public Health, the Johns Hopkins 
University, Baltimore) 


(Received for publication, June 11, 1935) 


The contribution of Hammett (1) to the funetion of glutathione 
in development and growth, combined with the work of Itter, 
Orent, and MeCollum (2) in demonstrating glutathione as a com- 
plicating factor in vitamin Bs deficiency, has led to renewed interest 
in sulfur metabolism. The latter group demonstrated a cure of 
alopecia in rats by the addition of glutathione or cysteine to a 
vitamin Be-deficient diet. 

One of us has observed (unpublished data) that the regression of 
a transplantable sarcoma stimulates the growth of hair either 
diffuse or localized in young hairless rats.  NKennaway and Hieger 
(3) reported that tumor tissue contains glutathione, which led us 
to suspect that the oral administration of this compound might 
stimulate the growth of hair in the hypotrichotie rat. Since Bie- 
rich and Ixalle (4) state that tumors do not contain free cysteine, 
we anticipated no effeet from cysteine. 


EXPERIMENTAL 


The Test Animal—Reports of the inheritance of hypotrichosis 
or hairlessness in the strain of rats used as test animals in these 
experiments were made by Roberts (5) in 1924 and 1926. The 
hypotrichosis was found to be due to a single recessive factor. 
The strain originated from a wild male rat (Wus norvegicus) 
devoid of hair according to Roberts, who very kindly supplied 
our laboratory with a pair of these animals in 1927, whieh line 
has been continued sinee that time. Our findings on Mendelian 
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ratio shown by this character are in agreement with those ot 
Roberts. 

Emery (6) has studied the estrual cycle and the weights of 
organs in relation to the hypophysis in this hairless strain of rats, 
Spleen, pituitary, thyroids, and testes are similar in albino, hetero- 
zygous, and hairless males. The kidneys and adrenals were larger 

heterozygous and hairless rats of both sexes. The estrual 
eycles were prolonged in diestrus in the hairless animal. Irregu- 
larities were Common and often complete absence of estrual cycle 
was noted, Emery reports an increased amount of gonad-stimu- 


Kia. 1. Hereditary hypotrichosis in the rat. The lower view shows a 
cystine-fed litter mate of the rat in upper view, receiving the unsupple- 
mented ration. 


lating hormone in the hypophysis of the hairless males and females 
as compared to albinos. 

The objective of this work was to determine the effect of the 
administration of various sulfur-containing seme aahanacess to the test 
animal, the hairless rat. 

The uateiiln were maintained on the MeCollum stock diet! and 
given supplements in the form of crystalline cysteine, cystine, and 
glutathione. The dosages were made comparable by feeding the 
various compounds at a level which would furnish equal amounts 
of cysteine provided the molecule was completely broken down to 

1 Wheat, maize, rolled oats, flaxseed oil meal, casein, whole milk powder, 
ealeium carbonate, sodium chloride, iron citrate, and copper sulfate. 
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free cysteine. The dosages were cysteine 5 mg., cystine 5 mg., 
and glutathione 15 mg. A total of twenty hairless rats was used 
experimentally. 

The rats were given these supplements when 35 to 40 days of 
age, at which time they were almost completely hairless. The 
entire hairless colony of some 70 males and females formed the 
controls over this series. Not one rat among these ever showed 
continued indications of recovering the hairy coat. 


Results 


Glutathione—When fed at 15 mg. per day per rat, over a period 
of 45 days, this substance failed to induce the slightest indication 
of response in the test animal. 

Cystine—When fed at a 5 mg. level per day per rat, cystine 
stimulated the growth of a hairy coat within 1 month, as indicated 
in Fig. 1. The coat was maintained for a period of 2 weeks and 
was subsequently lost entirely. Higher dosage (30 mg.) failed to 
initiate a regrowth of hair over a period of 30 days. 

Cysteine— When fed at 5 mg. per day per rat, cysteine stimulated 
the growth of a complete coat of hair within 2 weeks. The animals 
maintained the coat over a period of 1 month, at which time the 
experiment was discontinued. 


DISCUSSION 


The results obtained are interpreted to indicate the hereditary 
absence in the hairless rat of an enzyme capable of breaking gluta- 
thione or other peptide linkages involving sulfur-containing groups 
into the constituent amino acids. Were this not true, one would 
expect glutathione to replace cystine in stimulating the resumption 
of the growth of a coat of hair. The fact that cystine will not 
maintain the hair might be interpreted by assuming that the effect 
observed was due to a small amount of contaminating cysteine in 
the cystine fed, but was not in amounts sufficient to maintain the 
coat in the larger animal; and, in addition to this, the possible 
absence in the hairless rat of an enzyme splitting the dithiol 
grouping. 

The report of Itter, Orent, and McCollum (2), demonstrating 
the cure of alopecia in the vitamin B,-deficient rat by the daily 
feeding of glutathione or cysteine, can be interpreted in the light 
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of this work. They report a lesser effect to be produced by the 
cysteine. Considering these results with those obtained with the 
hairless rat, one is led to conclude that in the case of the vitamin 
B.-deficient rats the glutathione was broken down and acted by 
way of the liberated cysteine. The mechanism for the hydrolysis 
of the tripeptide, glutathione, is hereditarily absent in the hairless 
rat, and consequently, glutathione will not bring about the same 
effect as regards the stimulation of the growth of hair in the hair- 
less rat. 

The importance from the standpoint of genetics of the observa- 
tion of the growth of hair in animals that are hereditarily free of 
hair cannot be overlooked. Hereditary anomalies of metabolism 
are rare. These inborn errors of metabolism present from birth 
include albinism, pentosuria, alkaptonuria, cystinuria, congenital 
porphyruria, and congenital steatorrhea. To these we may now 
add the condition of hypotrichosis in the rat. The relation of this 
condition in the rat to alopecia totalis in the human is a subject for 
further study. The possibility that these hairless animals were 
cystinuric was tested chemically and by microscopic examination 
of urine for crystals of cystine. The results were entirely negative. 


CONCLUSION 


Cysteine through the sulfhydryl group acts as a stimulant to 
the hair follicle, bringing about a trichogenic action in hereditary 
hypotrichosis of the rat. 


The authors wish to express their appreciation for the interest 
shown by Dr. Ek. V. McCollum and Dr. R. R. Hyde. 
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STUDIES ON THE TRYPSINOGEN, ENTEROKINASE, 
AND TRYPSIN SYSTEM 


ASSAY METHODS FOR TRYPSINOGEN AND ENTEROKINASE 


By ROBERT W. BATES anp F. C. KOCH 


(From the Department of Physiological Chemistry and Pharmacology, 
the University of Chicago, Chicago) 


(Received for publication, April 30, 1935) 


Studies by Helmer (1) have not confirmed the addition com- 
pound theory for the mode of activation of trypsinogen by entero- 
kinase recently revived by Willstiitter, Waldschmidt-Leitz (2), 
and coworkers. He did not, however, conclusively prove the 
catalytic theory instead. In this paper we present conclusive 
evidence in favor of the catalytic theory. 

The reactions below may be considered to represent these two 
theories and the action of trypsin on proteins, respectively. 


Trypsinogen (7') + enterokinase (K) = 
trypsin (A) +- enterokinase (K) + ? (1) 
Trypsinogen + enterokinase = 
trypsinogen-enterokinase complex (trypsin) (2) 
Protein + trypsin = digestion products + trypsin (3) 


Procedure 


Enterokinase—¥resh or desiccated hog duodenal mucous mem- 
brane was extracted at pH 8.0 and centrifuged. A, was the ace- 
tone-dried precipitate obtained at about pH 5.4. Kg; was the 
acetone-dried precipitate obtained by adding 2 to 5 volumes of 
acetone to the soluble fractions at pH 5.4. Ks was 4 to 8 times as 
potent per mg. as A}. 

Trypsin-Free Trypsinogen—Perfectly fresh finely ground hog 
pancreas was suspended in an equal weight of water and concen- 
trated HCl immediately added to obtain a mixture at pH 1.8. 
This was allowed to stand for 3 hours at 37°. (The enterokinase, 
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prokinase, or other activating substances are completely destroyed 
by this treatment without much, if any, trypsinogen being de- 
stroyed) (see Table III and Fig.4).) After filtering through cheese- 
cloth, the filtrate was adjusted with NaOH to the point of maxi- 
mum flocculation, usually about pH 6.0. The resulting precipitate 
was removed by centrifuging and acetone added. A slight precipi- 
tate at 45 per cent acetone concentration was discarded and ace- 
tone added to a concentration of 75 per cent by volume. The 
resulting precipitate, referred to as 7';, was dried with acetone; 
yield, 0.8 per cent. The potency was 0.045 mg. = 1 unit, of which 
less than 0.1 per cent was trypsin (see Table I). 72 was similarly 
prepared by acetone precipitation. 

Trypsin—An aqueous extract of fresh hog pancreas, after 
standing at pH 4 to 5 for 24 hours at room temperature, was pre- 
cipitated with 3 volumes of acetone and the precipitate dried. 
Complete activation to trypsin had occurred. This precipitate, 
A,, had a potency of 0.025 mg. = 1 unit. 

Assay Method—The assay method was essentially that of Helmer 
(1). An 8 per cent solution of casein (Merck’s Hammarsten 
grade) in 0.54 per cent Na2CO; was used as substrate. 75 cc. of 
the substrate at 37.5° were added to 25 cc. of the enzyme solution, 
also at 37.5°, making a total volume of 100 cc. All digestions and 
all activations were carried out in a constant temperature room 
at 37.5° + 0.5°. 3 

At the beginning and at the end of the 4 hour digestion period, 
25 ec. samples of the digestion mixtures were pipetted into 3.5 
ec. of 2 N acetic acid with vigorous stirring during the addition. 
These samples were then placed in a constant temperature room 
at 25° for an hour before filtering through hard, quantitative filter 
paper. 

All readings were made with a Zeiss dipping refractometer at 
25° + 1° and are recorded in terms of scale divisions. The control 
readings, from which the change in refractive index in seale divi- 
sions, R.I.A, was calculated by difference, were always taken at 
the same time as those of the digestion samples so that tempera- 
ture corrections were not necessary. 

Control digestions containing casein and water, casein and 
trypsinogen, and casein and enterokinase, all at the same pH, were 
made at intervals. The controls containing enterokinase never 
differed from those containing water. 
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Observations 


Standard Curve for Trypsin Digestion—Schiitz’s law expresses 
the rate of digestion better than any other equation according to 
the work of Moelwyn-Hughes, Pace, and Lewis (3), Northrop (4), 
Willstiitter, Waldschmidt-Leitz, Dunaiturria, and Kiinstner (5). 
Schiitz’s square root law, however, has been found not to hold in 
the early stage of digestion nor does it hold in the late stages of 
digestion. 
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Fic. 1. The standard digestion curve is the smoothed curve drawn 
through the experimental points. The broken curve is the theoretical 
Schiitz curve. The straight line is the theoretical line used for graphical 
conversion of actual digestion values into theoretically equivalent values. 
1 trypsin unit = 0.025 mg. of A. 


An experimental curve (Fig. 1) was therefore made with tryp- 
sin, A, for the graphical interpolation of the potency of any sample 
whether it fell within or without the range where Schiitz’s law 
holds. Samples of the digestion mixtures were removed at inter- 
vals of 2, 4, and 6 hours to show that the amount of digestion was 
directly proportional to the time of the digestion. The quantity 
of enzyme has been multiplied by (time)/4 so that the data at 
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all three times could be plotted on the standard 4 hour time basis 
against the change of refractive index in scale divisions. A smooth 
curve was drawn through the points obtained from the 4 hour 
samples. The fact that the points for the 2 hour digestion lie 
above and those for the 6 hour digestion below this curve suggests 
that the trypsin is gradually destroyed during digestion. 

The ideal curve obtained from the Schiitz equation is also 
plotted with 4 hours taken as unit time. The expression for this 
curve is 


R.LA/VW A, X (t/4) = ky = 2.3 (4) 


where R.1.A is the change in refractive index in scale divisions on 
a dipping refractometer, A; the quantity of trypsin in units, and ¢ 
the time of digestion in hours. 

The general equation for the unimolecular reaction rate in this 


case is 
dx/dt = k\(c — x)A (5) 


where z represents the amount of digested casein, c the amount of 
casein at the beginning, and A the quantity of trypsin. Assum- 
ing that only a small amount of digestion has occurred so that 
(c—xz) may be assumed constant and equal to c, this equation 
yields the following equation on integration. 


sek XA BEA (6) 


where A is the quantity of trypsin in units, ¢ the time in hours, and 
ke = c X ky. This shows that a direct relationship should exist 
between the amount of digestion (R.I.A) and the quantity of 
enzyme, A,, at a constant time of digestion, when the amount of 
digestion is small. That this direct relationship holds in this 
case below a R.I.A of 4.5 can be seen from the graph (Fig. 1). 

Units of Trypsin and Trypsinogen—The proteolysis represented 
by 2 change of 1.0 scale division on a dipping refractometer under 
the empirical conditions here imposed was selected as a unit of 
proteolysis. A unit of trypsin is a quantity of trypsin that will 
cause this unit of proteolysis. A unit of trypsinogen is defined 
as a quantity of trypsinogen that will cause this unit of proteolysis 
when it is maximally activated. 
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Activation Studies 


Solutions of trypsinogen and enterokinase were mixed at a noted 
time and kept at 37.5°. At various time intervals, 10 cc. samples 
of this mixture were added to a mixture of 75 cc. of casein sub- 
strate and 15 cc. of water. This digestion mixture was then 
shaken at 37.5° for 4 hours, when 25 cc. samples were precipitated 
as usual and the filtrate used for the determination of the refrac- 
tive index. The 10 cc. samples of the mixed enzymes always con- 
tained 0.5 mg. of T2 and the indicated amounts of A), or 0.1 mg. 
of K, and the indicated amounts of T,. Unless salt was added, 
the enzyme solutions were practically salt-free. Control experi- 
ments with 0.5 mg. of T2 with no kinase added, after 4 hours incu- 
bation followed by 4 hours digestion with casein, gave a maximum 
change of 0.2 scale division. 

Activation of Constant Amount of Trypsinogen with Varying 
Amounts of Enterokinase in Absence of Casein—The data from 
these studies are plotted in Fig. 2. The amount of activation, 
which is directly proportional to the amount of digestion, is seen 
to be proportional to the amount of enterokinase from 0 time up 
to 30 minutes. The addition of more and more enterokinase 
speeds up the rate of activation so that the maximum amount of 
trypsin in each mixture is reached more quickly as one would 
expect from either the enzyme or addition compound theory. It 
is apparent that 0.25 mg. of A, does not completely activate 0.5 
mg. of T, in 30 minutes but that approximately 1.0 mg. of K, 
would. 

After the maximum activity is passed, the rapid destruction of 
the trypsin is apparent. No trypsin potency remained in any of 
the samples after 24 hours with the exception of the one contain- 
ing 2.5 mg. of enterokinase. In this case a change of 0.5 scale 
division was obtained after 24 hours. Addition of enterokinase 
did not change this amount of digestion, but the addition of 0.5 mg. 
of T. and activation for 30 minutes gave a change of 5.8 scale 
divisions for 4 hours digestion, showing that the enterokinase has 
not been completely destroyed and that the loss of potency is due 
to the destruction of trypsin. There was no trypsin or trypsinogen 
(fresh kinase was added to one part) after 24 hours in the mixture 
containing 0.025 mg. of A, and 0.5 mg. of T.. Trypsinogen alone 
would be only partially destroyed in 24 hours (see Table III), hence 
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all of the trypsinogen has probably been converted into trypsin. 
The greater stability of trypsin in the presence of excess enterokin- 
ase is perhaps due to the protective action of the contaminating 
inert protein. An analogous experiment with the addition of 
thymol gave almost identical data showing that the destruction is 
not due to bacterial action. 
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Fic. 2. The course of the activation of a constant quantity of trypsino- 
gen with five different quantities of enterokinase. , 


Activation of Varying Amounts of Trypsinogen with Constant 
Amount of Enterokinase in Absence of Casein—The usual method 
of determining the trypsinogen content of any preparation is to add 
an excess of enterokinase in order to convert the trypsinogen 
completely and rapidly into trypsin, which can then be measured 
by a suitable method. If the addition compound theory is cor- 
rect and the proteolytic enzyme is a trypsinogen-enterokinase 
complex (Equation 2), it should be possible to determine the 
enterokinase concentration of a preparation by adding an excess of 
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trypsinogen in order to convert all of the enterokinase into the 
compound trypsinogen-enterokinase. In other words, if one adds 
larger and larger amounts of trypsinogen to the same quantity of 
enterokinase, a point should be reached where all of the kinase is 
combined to form the hypothetical trypsinogen-enterokinase and 
the further addition of trypsinogen should cause no further in- 
crease in activity. Also the time to reach this maximum activa- 
tion should decrease and would probably approach a value of 30 
minutes or less as more and more trypsinogen is added if entero- 
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Fic. 3. The course of the activation of four different quantities of tryp- 
sinogen with a constant quantity of enterokinase. 


kinase forms an addition compound with trypsinogen but not if 
enterokinase acts as an enzyme in the activation process. 

That the addition compound theory does not hold is shown in 
Fig. 3. The quantity of enterokinase chosen was so small that 
even with the smallest quantity of T. (0.1 mg. = 2.2 units), the 
maximal activity was not reached. No maximal amount of acti- 
vation of the enterokinase was obtained corresponding to the com- 
pound trypsinogen-enterokinase. However, as the quantity of 
trypsinogen was increased, the time te reach a maximal activity 
was also increased. 
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From Fig. 3 we see that 0.1 mg. of A, is able to produce the 
equivalent of 5 units of trypsin in the solution in 60 minutes. If 
5.0 mg. or more of 7; had been used, a still larger activity would 
be produced by 0.1 mg. of AK, in 60 minutes, but it would have 
taken longer to produce the maximum activation than with less 
trypsinogen. These facts are incompatible with the addition 
compound theory but are what one would expect if enterokinase 
acts as anenzyme. The maximum activity obtained is a smaller 
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Fic. 4. Effect of pH and salt concentration upon the course of the activa- 
tion of trypsinogen. All samples contained 0.5 mg. of JT, and 0.25 mg. of 


K,. 

percentage of the total possible activity as the amount of trypsino- 
gen is increased. This is what one would expect since it takes a 
longer time to reach the same percentage of the possible activity 
with the small proportion of enterokinase and as a result, more 
trypsin is destroyed in the meantime. 

Effect of Salt Concentration and pH on Activation in Absence of 
Casein—Comparative studies at pH 2.5, 4.8, 6.0, and 8.0 clearly 
showed that the most rapid and complete activation was obtained 
at pH 6.0 (Fig. 4). Concentrations of 0.0072 N and 0.072 Nn 
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KCl at pH 6.0 did not affect the rate and extent of activation 
appreciably but did prevent or retard the destruction of trypsin. 
With nN KCl at pH 6.0, no activation was observed. Similar ex- 
periments at pH 8.0 showed the same effects by 0.0072 and 0.072 
nx KCl but the extent of maximum activation was approximately 
only 60 per cent of that found at pH 6.0. At pH 8.0:in 0.5 nN KCI, 
a rapid destruction of trypsin or trypsinogen or both was observed. 
At pH 4.8 and 2.5 no activation was observed, partly because 
the enterokinase was destroyed (see Table III). 
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Fic. 5. The course of digestion by trypsinogen previously completely 
converted into trypsin and by the same quantity of trypsinogen and entero- 
kinase added separately to the substrate at 0 time. The rate of digestion 
in the latter case increases with time; 7.e., the amount of trypsin is 
increasing. 


Course of Activation in Presence of Casein—That trypsin is 
formed during incubation with the substrate is shown in Fig. 5 
and in the 0 hour readings in Figs. 2 and 4. In the activated 
samples (Fig. 5), the trypsinogen and enterokinase mixtures were 
allowed to incubate for 40 minutes at pH 6.0. The casein was 
then added and samples removed for determination of refractive 
index at the time intervals noted. In the unactivated samples, 
trypsinogen and enterokinase were added directly to the casein 
substrate and the time of the addition of the last of the enzymes 
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was taken as the 0 time of digestion. Neither the trypsinogen nor 
the enterokinase alone caused any significant change in the re- 
fractive index readings. 

In the previously activated samples, the rate of digestion was 
maximum at the beginning of the reaction. This rate was con- 
stant up to a change of 4.5 scale divisions, when it decreased to the 
extent indicated in the standard digestion curve, Fig. 1. 
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Fic. 6. The rate of activation of the trypsinogen in the presence of the 
substrate is increased by an excess of enterokinase so that the resulting 
amount of digestion is almost equal to that of an equivalent amount of 
trypsin. 


On the other hand, the rate of digestion in the unactivated 
samples increased continuously as trypsin was formed. In the 
-cases shown there was sufficient enterokinase to activate the tryp- 
sinogen completely in 2 to 3 hours so that the digestion curve 
thereafter was almost parallel to that of the previously activated 
sample. 

Complete Activation in Presence of Casein—lIn Fig. 6, the results 
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are given from activating definite amounts of trypsinogen in the 
alkaline substrate with increasing concentrations of enterokinase. 
Thus 10 mg. of K, + 0.5 mg. of T, produced an amount of digestion 
which is equivalent to 0.9, the amount of trypsin obtained by 
starting with the same amount of completely activated trypsino- 
gen. The results with the lower concentrations of A, indicate 
a direct relation between these concentrations and the amount of 
digestion. This suggests that a similar system, but with an excess 
of trypsinogen instead, could be used as a means of assaying en- 
terokinase (6). These curves are strikingly similar to those given 
by Linderstrgm-Lang and Steenberg (7) with activation in the 
absence of the substrate in the assay of enterokinase. 

That one can almost completely activate the trypsinogen in the 
presence of the substrate suggests a simple and fairly accurate 
method of assaying trypsinogen. This trypsinogen method is of 
value where we have present a large quantity of any substance, 
which would inhibit activation if carried out in the usual way; e.g., 
high salt concentration, alcohol, glycerol, etc. In such cases a 
5 ec. sample of the enzyme in 100 cc. of a digestion mixture would 
have this inhibiting substance diluted 20 times. This method was 
used in the stability experiments given in Table IIT, because of the 
difficulties of adjusting these solutions of varying acidities and 
alkalinities to the same pH and salt concentration for activation. 
The casein substrate is sufficiently buffered so that the small 
quantities of acid or alkali in the enzyme solutions would not 
alter the amount of digestion. 

Activation in Presence of Substrate As a Function of Time and 
Concentration of Enterokinase and Trypsinogen. Theoretical— 
When one mixes the trypsinogen, enterokinase, and casein with- 
out previously allowing the trypsinogen and enterokinase to incu- 
bate together, the amount of digestion of the cascin is a result of 
the two reactions (Equations 1 and 3) which occur simultaneously, 
the second depending upon the first. 

The rate of the digestion of casein has already been considered 
and an equation established for it (Equation 6). Assuming the 
action of enterokinase to be that of an enzyme, an equation may 
be written for the rate of conversion of trypsinogen into trypsin. 


dA/dt = k;(T — A)K (7) 


* 
Fe 
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If A is assumed to be small with respect to T, so that (T — A) 
can be considered equal to 7, integration will give 


A=kxKxXTxXt (8) 


Combining Equations 6 and 8 so as to eliminate A, one obtains 
the following. 


RIA=kxX KXTX# (9) 


This equation indicates that at the beginning of the reaction, 
the amount of casein digested is directly proportional to the 
amount of enterokinase and trypsinogen present and to the square 
of the duration of the reaction. Equation 9 would not apply if 
either the activation of trypsinogen or the digestion of casein were 
instantaneous or if one reaction occurred at a very rapid rate with 
respect to the other. Also 7’ must be present in excess as we have 
assumed. Fig. 4 shows that at pH 8.0 and ionic strength of 0.072, 
which are of the same orders as in the casein substrate, the rate of 
activation is greatly retarded relative to the rate at pH 6.0. It 
is this slow rate of activation in the presence of substrate that 
makes this simple theoretical treatment applicable. 


EXPERIMENTAL 


Tables I and II contain experimental proof of the equations 
given above. The procedure was to mix in a series of flasks, 150 
ec. of stock casein solution with the indicated amount of trypsino- 
gen in solution and water to make up to 180 cc. At proper time 
intervals, 20 cc. of the indicated enterokinase solution were added 
and the time of digestion calculated from the time of this addition. 
The values of R. I. A were corrected by graphical interpolation 
from the standard curve, when the change was more than 4.5 scale 
divisions. This correction was made in order to correct for the 
deviation of the casein from the simple unimolecular Equation 6 
that was combined with Equation 8 to get Equation 9, which is 
used to interpret the data. The correction was made on the as- 
sumption that the deviation from the unimolecular rate of reaction 
is entirely a function of the amount digested. 

The experimental values for K, T, t?, and R. I. A were substi- 
tuted in Equation 9 and the constant k, calculated. In all diges- 


Activation in Presence of Substrate with Variable Trypsinogen 
The values in parentheses are the values corrected graphically. 


TABLE I 


Mg. per 200 cc. Digestion 
Ki | Time | Amount R.I.4 
hrs. 
50 | 0.48 | 0.5 0.9 
0.75 1.85 
1.0 3.1 
1.25 4.5 
1.50} 5.7 (6.41) 
2.0} 7.8 (10.2) 
30 | 0.48 | 0.5 0.7 
0.75 1.55 
1.0 2.7 
1.25 4.1 
1.5 | 5.4 (5.9) 
2.0; 7.4 (9.8) 
20 | 0.2 | 0.5 0.3 
0.75 0.70 
1.0 
1.25 2.0 
1.5 2.8 
2.0 4.6 
3.0 | 7.45 (9.9) 
16 | 0.2 | 0.75 0.65 
1.0 1.05 
1.25 1.7 
1.5 2.35 
2.0 4.1 
3.0} 6.9 (8.5) 
12 | 0.2 | 0.75 0.55 
1.0 0.9 
1.25 1.5 
1.5 2.15 
| 2.0 3.7 
| 3.0 | 6.4 (7.7) 
40 > 8.8 (13.8) 
8 0.2 | 0.75 0.35 
1.0 0.65 
1.25 1.1 
1.5 1.65 
2.0 3.05 
3.0} 5.8 (6.5) 
4.0 | 7.85 (10.8) 
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| | po | Digestion | 
| | | | | | Time | Amount R.I. A | 
| | | hrs. | | | 
0.150 6 | 1. 0.458 
0.137 | 0.480 
0.129, | 0.500 
0.120 
0.118) | | 0.455 
0.106) 4 (0.487 
0.194 | | 0.600 
0.1 | | 0.542 
‘0.187 | | (0.555 
lo.1s2} 0.537 
) 0.477 
0.170, 2 | 
0.300 | | 10.665 
0.310 | | 0.650 
0.300 | 0.575 
0.320 | | 0.535 
0.310 MM | 0.5 | 0.833 
0.288, | | 0.708 | 
0.275] 0.610 
0.359, | | 0.583 | 
0.329) | 0.587 
0.338, | 
0.325) | | 0.717 
0.318 | | | 0.625 
0.318 | (4.0) (0.592 
0.406, 5.0 | 7) {0.570 
0.375, ) 10.533 
0.400, 20) (0.810 
0.398) | (3.0) 0.610 
0.385, | 4.0 | (0.625 
0.356. | 5.0 | 0.580 
10.359) 16.0) 4.1 0.565 
0.389 10 20; 00 | 
0.406 0.0 | 
10.406: 6.0 0.0 | 
0.457) 80 00 | 
0.476 0.1 | 
| 2.0) 038 | 
— | 
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tion mixtures, the value of this constant decreased with time. 
This drift is a function of time and seems to be almost independent 


TABLE II 


Activation in Presence of Substrate with Variable Enterokinase 


The values in parentheses are the values corrected graphically. 


Digestion 
T7 Kia | Time’ Amount R.I. A 
hrs. 
40/'0.2 | 1.0 0.55 
2.0 2.35 
3.0 4.65 
4.0) 6.3 (7.5) 
6.0 | 8.5 (13.1) 
9.0} 11.0 (24.5) 
4.0 | 0.08 | 2.0 1.0 
3.0 1.95 
4.0 3.2 
6.0 | 5.8 (6.5) 
9.0); 8.4 (12.6) 
40 0.06 | 2.0 0.7 
3.0 1.35 
4.0 2.3 
6.0 4.7 
9.0 | 7.35 (9.7) 
40 0.04 | 2.0 0.5 
3.0 0.85 
4.0 1.65 
6.0 3.4 
9.0 | 5.8 (6.5) 
4.0 | 0.02 | 2.0 0.2 
3.0 0.4 
4.0 0.75 
6.0 1.65 
9.0 3.5 
4.0 0.01 2.0 0.1 
3.0 0.25 
4.0 0.35 
6.0 0.8 
| 9.0 1.7 


Digestion 
T7 K; | Time Amount R.I. A 
Ars. 

0.688 8.0 0.08 1.0 0.35 
0.733 1.5 0.85 
0.645 2.0 1.50 
0.585 3.0 3.20 
0.453 4.0 5.05 (5.4) 
0.378 6.0, 7.55 (10.2) 
0.780, 8.0 0.04) 1.5 0.25 
0.675 2.0 0.80 
0.625 3.0 1.65 
0.563 4.0 2.90 
0.485 6.0| 5.05 (5.40) 
0.728 8.0 7.0 (9.0) 
0.625; 8.0 0.02 2.0 0.40 
0.595 3.0 0.85 
0.540 4.0 1.50 
0.495 6.0 2.85 
0.780 8.0 4.6 
0.595 10.0, 6.0 (6.8) 
0.640 8.0 0.01 3.0 0.45 
0.595 4.0 0.75 
0.500 6.0 1.45 
0.625 8.0 2.5 
0.550 10.0 3.5 
0.575 23.0) 8.6 (13.5) 
0.563; 8.0 0.006 4.0 0.45 
0.540 6.0 0.85 
0.625 8.0 1.50 
0.675 10.0 2.20 
0.550 23.0 6.5 (7.8) 
0.550 
0.500 


of the concentration of the trypsinogen and enterokinase or the 


amount of digestion. 


Anything that will decrease the trypsin 


a4 
0.546 
0.589 
0.585 
564 
(0.526 
0.441 
0.346 
0.625 
0.571 
0.565 
0.469 
0.438 
0.625 
0.588 
0.581 
10.494 
0.444 
0.425 
0.625 
0.575 
0.500 
0. 488 
| 0.438 
| 0.313 
| 0.583 
| 0.479 
0.479 
0.458 
| 0.291 
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content during the reaction will decrease the value of the constant 
k;. Such factors are thermal destruction of trypsinogen, entero- 
kinase, and trypsin, destruction of the same components by the 
action of trypsin, decrease in the quantity of trypsinogen by con- 
version into trypsin, which has been assumed to be negligible in 
the derivation of Equation 9, and combination of any of the three 
components with other constituents of the reaction mixture. 

When the amount of enterokinase was maintained constant (see 
Table I) the amount of digestion was not directly proportional to 
the trypsinogen when relatively high concentrations of it were 
present. When small concentrations of trypsinogen were used, 
the amount of digestion was, however, more nearly proportional 
to the amount of trypsinogen. The lower values of ky at high 
concentrations of trypsinogen are associated with an increasing 
rate of digestion which may involve a limiting factor such as inter- 
mediate compound formation that is not accounted for in the 
equation. This decrease in k, is not due to the increased ratio of 
T; to K; as ean be seen from the values in the last mixture in Table 
II, where the ratio was 1330:1. 

When the amount of trypsinogen was constant (Table II) the 
amount of digestion was directly proportional to the amount of 
enterokinase, provided an excess of trypsinogen was present, or 
that the reaction was not considered after much of the trypsinogen 
had been activated as in the maximal activation discussed pre- 
viously. This proportionality, as shown by the values of k4, holds 
only for any constant time of digestion since the value of k, de- 
creases with time. 

We previously showed that 0.1 mg. of AK, was capable of activat- 
ing, in the absence of substrate, only 1 unit of trypsinogen accord- 
ing to the addition compound theory. Since A; is 4 times more 
potent than K,, we calculate that 0.006 mg. of A3 is equivalent to 
0.024 mg. of A,, which should be able to activate only 0.24 unit of 
trypsinogen. In the last mixture in Table II, the amount of 
digestion between the 8 and 10 hour samples was equivalent to 
that obtained from 1.4 units of trypsin, which is 6 times the quan- 
tity allowed by the addition compound theory. A similar calcu- 
lation on the 8 to 10 hour interval with 8.0 mg. of 77 and 0.01 
mg. of AK; shows the amount of digestion obtained to be 5 times 
that permitted by this theory. More confirmatory values can be 
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obtained from the other mixture at similar times. The amount of 
trypsin in the solution, z.e. the rate of digestion, increases still 
further after 10 hours. 

Quantitative Assay of Enterokinase—This finding of a constant 
value for k; suggests an exact and accurate method for the com- 
parative assay of enterokinase, which is almost as accurate as the 
method for the assay of trypsin. It was used to get the relative 
potencies of the kinase preparation described. For the assay of 
enterokinase, one should choose a quantity of trypsinogen equiva- 
lent to 100 units and a preparation of trypsinogen so free from 
trypsin that 2 to 5 times the quantity used will give no digestion in 
4 hours with the substrate in the absence of any kinase. This con- 
stant amount of trypsinogen is mixed with the substrate and vary- 
ing quantities of a standard enterokinase preparation and allowed 
to act for a definite period of time (4 hours). The amount of diges- 
tion is then determined and plotted against the quantity of entero- 
kinase. A straight line will result if the digestion values are cor- 
rected by interpolating from the standard curve. The slope of 
this line is the product of (k; X T X #), the absolute value being 
dependent upon the units of measure chosen. Unknown enterokin- 
ase preparations can be assayed with one or more different con- 
centrations of enterokinase, all other factors being identical with 
those used in making the standard enterokinase curve. The po- 
tency of the unknown is read directly from the standard entero- 
kinase curve in terms of the enterokinase preparation chosen as a 
standard. The determinations are most accurate when the R. I. A 
is between 3 and 5 seale divisions. The quantity of enterokinase 
which gives most accurate results by this method is less than 0.1 
the quantity needed to obtain an accurate assay by the maximum 
activation method. 


Stability Studies 


Many reports on the stability of trypsinogen, enterokinase, 
and trypsin are to be found in the literature. Recently, Pace (8) 
reported trypsinogen, enterokinase, and trypsin to have a maxi- 
mum stability around pH 6.0 and 6.5. Northrop and Kunitz (9) 
found trypsin most stable around pH 5.0, but crystalline trypsin 
in the presence of 0.25 saturated ammonium sulfate had a maxi- 
mum stability at pH 2.0. 
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The method of assaying used to obtain the data in Table III can 
be understood better after consideration of Fig. 6. The quantity 
of K; used was sufficient to give a result equivalent to about 0.9 
completeactivation. Table II] shows that, contrary to the finding 
of Pace, the maximum stability of trypsinogen is between pH 2.0 
and 3.0. It is less stable in alkaline solution. It is also rapidly 
destroyed when the pH is less than 1.0. Enterokinase is rapidly 


TABLE III 
Stability of Trypsinogen at 37.5° 
After standing at the pH and for the time indicated, 10 cc. samples were 
added to a mixture of 75 cc. of casein + 15 cc. of kinase (1 mg. of K3) for 4 
hours. All values are scale divisions of the refractometer. 


Portions contained 0.3 mg. of 7'7 0.5 mg. of 7: 

5 5 

Time 

2, 2. 2, 2, 2, 2. 2. 2. 

O hr. 5.5 5.65 5.7 | 5.6 7.6 7.6 | 7.55 

2 hrs 8.1 6.6 | 4.60 

Beg 5.5 | 5.55 | 5.55 5.45) 5.45) 5.6 | 5.35 | 7.65 | 3.35 | 0.90 

4.8 5.15 | 5.05 5.2 | 5.2 | 5.6 1.05 |0.3 | 0.3 
49 5.5 | 6.2 | 6.4 6.3 | 6.4 | 3.0! 5.5 
100 45 | 5.6 5.8 5.8 /|0.6/|0.2 | 4.0 
170 ‘‘ 3.2 |} 5.0 | 5.2 1.0 
30 min.*; 0.25 | 1.05 | 2.10 | 5.75 5.6 | 5.9 | 6.05 


* Activated in the absence of the casein substrate with the same large 
excess of kinase for 30 minutes at 37.5° and the resulting pH (add 0.3 pH 
except at pH 6.1). The results are a measure of the destruction of entero- 
kinase. 


destroyed (1 hour at 37.5°) in both 0.01 N acid and alkaline solu- 
tion (see also Table III and Fig. 4). 

The unimolecular constant, kyn;. (time in minutes) for the ther- 
mal destruction of trypsin at 37.5° and pH 6.0 in the almost com- 
plete absence of electrolyte was 2.1 K 10-* (90 per cent destroyed 
in 24 hours). In the presence of 0.05 n KCl at the same tempera- 
ture and pH, kuni. was 1.0 X 107%; 7.e., the stability was doubled. 
On the other hand, 0.05 n KCl increases the rate of destruction of 
trypsinogen at pH 11.7. 
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DISCUSSION 


This comparative study of the activation of trypsinogen with 
enterokinase in the absence and the presence of the casein sub- 
strate has yielded results which are at variance with the addition 
compound theory. The addition compound theory, as expressed 
by Equation 2, requires that trypsinogen and enterokinase play 
parts of similar or equal importance in the formation of trypsin. 
If trypsinogen and enterokinase were of equal quantitative sig- 
nificance, Figs. 2 and 3 should be similar. They are not. The 
differences between the results shown in Figs. 2 and 3 are readily 
explained, however, by assuming that enterokinase acts enzymati- 
cally. Also, in the presence of the casein substrate, a great excess 
of enterokinase causes complete activation of the trypsinogen 
within a few minutes. The maximum ratio by weight of 72: kK, 
(Fig. 6) was 1:20, which is equivalent to a ratio of 1:5 for T;: Kz. 
On the other hand, a great excess of trypsinogen does not cause a 
rapid and complete stoichiometric combination with all of the 
enterokinase to give the hypothetical trypsinogen-enterokinase 
complex and which would cause digestion at a rate proportional 
to the first power of the time. What does happen is activation 
at a slow constant rate so that the amount of trypsin, as measured 
by casein digestion, increases with time. Thus, in the last experi- 
ment (Table IT) the ratio of T;: 3 is 1330:1 and in spite of this 
great excess of trypsinogen there is no indication of rapid conver- 
sion of all the kinase into the trypsinogen-enterokinase complex. 
Instead, the amount of digestion is proportional to the square of 
the time, as is expected, if enterokinase acts as an enzyme. 

Kunitz and Northrop (10) have recently shown that the activa- 
tion of trypsinogen will occur autocatalytically under certain 
conditions. None of our activation experiments gave evidence of 
an autocatalytic reaction. 

We do not doubt that there occurs a transient combination 
between molecules of trypsinogen and enterokinase during the 
activation process, but we believe that our data disprove that this 
combination persists and that it is the proteolytically active en- 


zyme. 


SUMMARY 


1. A simple method for the preparation of trypsinogen, free 
from trypsin and enterokinase, is described. 
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2. Trypsinogen is more stable at pH 2.5 than at pH 6.0. Low 
concentrations of KCl (0.05 N) stabilize trypsinogen or trypsin in 
neutral solutions. Enterokinase is rapidly destroyed in solutions 
at pH 2.5 and 11.7. 

3. The effect of pH and concentration of KCl on the rate of 
activation of trypsinogen by enterokinase is shown. 

4. The effect of varying the ratio of trypsinogen to enterokinase 
on the rate of activation of trypsinogen in the absence of a sub- 
strate and the maximum yield of trypsin resulting are studied. 

5. It is shown that activation of trypsinogen by enterokinase 
occurs in the presence of the substrate at a pH of 8.2. The result- 
ing digestion, expressed in terms of change of refractive index in 
scale divisions of a dipping refractometer between the isoelectric 
filtrates of the casein substrate before and after digestion, is repre- 
sented approximately, by the equation R.I.A=kxX TX K X P, 
where T is trypsinogen, AK is enterokinase, t is the time of diges- 
tion, and k is a constant. 

6. A simple accurate method for the assay of enterokinase is 
described. 

7. The results show that enterokinase acts as an enzyme in the 
activation of trypsinogen. 
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Tyrosine, among the amino acids that have been tried, is the 
only one the naturally occurring optical isomer of which is rapidly 
oxidized by broken cell suspensions of the livers of various animals 
(1). In this it isan exception to the general rule that the naturally 
occurring amino acids are not attacked by enzymes present in 
broken cell suspensions of mammalian organs. It has been shown 
(2) that the isomers of many amino acids which do not occur 
naturally are oxidized and deaminated by liver and kidney sus- 
pensions and it was therefore of interest to study the oxidation 
under similar conditions of the naturally occurring (l-) tyro- 
sine and its enantiomorph. For this purpose dl-tyrosine was pre- 
pared, and by comparing the dl mixture with the l isomer it was 
possible to show that the oxidation of the two isomers is entirely 
different. d-Tyrosine is oxidized and deaminated by kidney 
suspensions and the purified kidney enzyme (2) and it reduces 
methylene blue. Its oxidation is therefore comparable to the 
oxidation by the kidney of the other optical isomers of the amino 
acids which do not occur naturally. /-Tyrosine is not attacked 
by kidney preparations. With the liver suspensions both isomers 
are oxidized. J/-Tyrosine does not reduce methylene blue; its oxi- 
dation is inhibited by KCN and is not accompanied by deami- 
nation (1). It differs from the oxidation of d-tyrosine by the liver 
in that the latter is not inhibited by KCN and is deaminated. 
Moreover, it is possible to prepare liver suspensions which will 
oxidize d- but not J-tyrosine. The enzymes responsible for the 
oxidation of the two isomers of tyrosine are therefore entirely 
distinct. 
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EXPERIMENTAL 


The broken cell suspensions of the liver and kidneys of the rat 
and the purified enzyme of the kidney were prepared in the usual 
way (1, 2). The organs of the cat and dog were used in a few 
experiments with similar results, but those of the guinea pig and 
rabbit attacked tyrosine too slowly to obtain definite end-points. 
All experiments were done in the Barcroft-Warburg apparatus 
with 1.0 ce. of the tissue suspension in 0.05 mM phosphate buffer, 
pH 7.8, and 1.0 ce. of tyrosine containing 1.0 mg. made up in the 
same buffer. In all the experiments [- and dl-tyrosine were com- 
pared under the same conditions, so that any differences observed 
were due to the d isomer in the racemic mixture. dl-Tyrosine was 
synthesized according to the method of Erlenmeyer and Halsey 
(3) as modified by Fischer (4). A good yield was obtained and 
the material was recrystallized three times by dissolving it in HC] 
and neutralizing with ammonia. 

In the rat kidney the oxidation of d-tyrosine can be divided into 
several stages. A concentrated broken cell suspension will oxidize 
it with the uptake of 4 atoms of oxygen per molecule. The latter 
part of this oxidation proceeds at a much slower rate than the first 
part, which suggests that there may be a separate catalyst present 
in a smaller concentration which is responsible for the uptake of 
the last 2 atoms of oxygen. This assumption is confirmed by the 
fact that dilution of the broken cell suspension definitely cuts down 
the uptake to 2 atoms of oxygen per molecule. This stage of the 
oxidation of d-tyrosine by kidney can be further subdivided. If 
the purified kidney preparation is made in the usual way, the 
oxidation of d-tyrosine by it shows an oxygen uptake of between 1 
and 2 atoms per molecule. This indicates that the preparation 
still includes a small amount of the catalyst responsible for the up- 
take of the second atom of oxygen, and if this could be eliminated, 
the preparation would oxidize d-tyrosine with the uptake of only 1 
atom of oxygen. It would then be analogous to the oxidation by 
the kidney preparation of all the other isomers of the amino acids 
tried which do not occur naturally. To prove this point, the prep- 
aration was washed once with a small amount of phosphate buffer, 
pH 6.9, before the final elution. This washed preparation was 
found to oxidize d-tyrosine with a definite uptake of 1 atom of 
oxygen per molecule. These various stages in the oxidation of 
d-tyrosine by the kidney are shown in Fig. 1. 
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That the first stage of the oxidation of this amino acid is quite 
distinct from the second and third stages can be shown by the 
action of KCN. When 0.005 m KCN is added to the untreated 
kidney suspension, whether concentrated or dilute, the oxidation 
stops definitely when 1 atom of oxygen is taken up per molecule. 
Furthermore, the oxygen uptake of 1 atom per molecule by the 
washed preparation is entirely unaffected by this amount of KCN. 
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Fig. 1. The oxidation of 1.0 mg. of dl-tyrosine by various rat kidney 
preparations, at 37°, pH 7.8: Curve A, concentrated kidney suspension; 
Curve B, dilute kidney suspension; Curve C, concentrated kidney suspen- 
sion plus 0.005 m KCN; Curve D, washed kidney preparation; Curve E, 
washed kidney preparation plus 0.005 mM KCN. The horizontal lines repre- 
sent the theoretical uptake when 1, 2, and 4 atoms of oxygen are utilized 
per molecule of d-tyrosine. 


These results therefore show that the first stage in the oxidation of 
d-tyrosine by kidney is carried out by a separate catalyst which is 
insensitive to KCN. The second stage is due to a catalyst which 
carries the oxidation to 2 atoms of oxygen per molecule and which 
is sensitive to cyanide, and this catalyst may be distinct from a 
third which is also sensitive to cyanide and which carries the oxida- 
tion to 4 atoms per molecule but which is present in the kidney 
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suspensions in much smaller concentrations. /-Tyrosine is not 
oxidized by any of the kidney preparations. 

Like all the other amino acids except proline, d-tyrosine is deam- 
inated by the kidney suspensions and the purified kidney prepara- 
tion. These preparations contain only small amounts of ammonia, 
so the deamination of the tyrosine could be easily determined. At 
the end of the oxidation the ammonia production was estimated 


TABLE | 
Ammonia Production of l- and dl-Tyrosine in Presence of Rat Liver and 
Kidney Preparations 

Each figure represents the average of four separate determinations and 
is obtained by subtracting the amount of ammonia produced by the prepa- 
ration alone from the amount of ammonia produced by the preparation 
in the presence of 1.0 mg. of l- or dl-tyrosine. The theoretical amount 
of NH;-N is calculated on the basis of the deamination of 1.0 mg. of l- and 
0.5 mg. of d-tyrosine. 


| NHj-N 
Experiment No. 
dl-Tyrosine l-Tyrosine 
| mg. | mg. 
Rat liver l | +0.025 | —0.018 
2 4-0.053 —0.007 
3 +-0.027 +0.008 
4 + 0.055 +0.002 
Rat kidney | 1 + 0.034 
| 2 +0.039 


by a vacuum distillation method followed by Nesslerization, and 
the extra ammonia corresponded within the experimental error 
with the amount of d-tyrosine oxidized (Table I). This deamina- 
tion occurs in the presence of KCN; that is, during the first stage of 
the oxidation when only 1 atom of oxygen is taken up for every 
molecule of d-tyrosine. 

The oxidation rate of d-tyrosine by the purified kidney prepara- 
tion is about as rapid as the oxidation of d-phenylalanine under 
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the same conditions. The rate of methylene blue reduction of the 
two amino acids was therefore compared. The purified enzyme 
preparation alone does not reduce this dye. In the presence of 
d-phenylalanine 0.5 cc. of 1:5000 methylene blue is reduced rather 
more rapidly than in the presence of an equal amount of d-tyrosine. 

With liver suspensions, both isomers of tyrosine take up 4 atoms 
of oxygen per molecule and both are oxidized at similar rates, if a 
concentrated suspension is used. If the suspension is diluted, 
the oxidation rate of the l-tyrosine is slowed and finally a dilution 
can be obtained when the [-tyrosine is not attacked appreciably 
but the d-tyrosine is still rapidly oxidized. Thus with concen- 
trated preparations 1 mg. of l[-tyrosine and 1 mg. of dl-tyrosine 
each take up 248 c.mm. of oxygen, but with dilute preparations 
1.0 mg. of the | isomer takes up only 10 to 12 c.mm., although the 
same amount of the dl mixture takes up between 120 and 130 ¢.mm. 
This proves that the d isomer is still oxidized. Exactly the same 
results can be obtained if 0.005 m KCN is added to a concentrated 
preparation. In this case the oxidation of l-tyrosine is completely 
inhibited and 1 mg. of the dl mixture takes up between 120 and 
130 c.mm. of oxygen. This is shown in Fig. 2. 

The determination of the ammonia production in the liver was 
more difficult than in the kidney, because the liver suspension 
itself contained a fairly large amount of ammonia. A large 
number of experiments were therefore done and in no case was any 
extra ammonia obtained at the end of the experiment when [- 
tyrosine was oxidized. This confirms previous findings (1). 
But when the dl mixture was oxidized, either with the concentrated 
or dilute liver preparations, extra ammonia was always recovered 
and the average amount corresponded to the amount of d-tyrosine 
present. This is shown in Table I. 

The liver preparation alone reduces methylene blue rapidly even 
at room temperature, which made it difficult to determine whether 
the presence of [- or dl-tyrosine accelerated the reduction. It was 
therefore necessary to do a large number of experiments. Phenyl- 
alanine was used as a control and it always accelerated the reduc- 
tion, but no consistent acceleration could be obtained with either 
l- or dl-tyrosine, and the conclusion is that in the presence of the 
liver enzymes neither [- nor d-tyrosine can reduce methylene blue. 
It seemed possible that the dye would be reduced during the later 
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stages of the oxidation, so tyrosine and the liver suspension were 
incubated together for varying lengths of time before the methyl- 
ene blue reduction time was tested, but the results under these 
conditions were also negative. 
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Fic. 2. The oxidation of 1.0 mg. of l- and 1.0 mg. of dl-tyrosine by rat 
liver suspensions, at 37°, pH 7.8: Curve A, 1.0 mg. of dl-tyrosine and con- 
centrated liver suspension; Curve B, 1.0 mg. of l-tyrosine and concentrated 
liver suspension; Curve C, 1.0 mg. of dl-tyrosine, concentrated liver sus- 
pension plus 0.005 m KCN; Curve D, 1.0 mg. of dl-tyrosine and dilute 
liver suspension; Curve E, 1.0 mg. of /-tyrosine, concentrated liver sus- 
pension plus 0.005 m KCN; Curve F, 1.0 mg. of l-tyrosine and dilute liver 
suspension. The horizontal lines represent the theoretical uptake for 
4 atoms of oxygen per inolecule when 1.0 mg. of l- or dl-tyrosine and 0.5 mg. 
of d-tyrosine are oxidized. The arrows show where the KCN effect is 
wearing off. 

DISCUSSION 

The study of the oxidation of l- and dl-tyrosine by various tissue 

preparations has shown that the two optical isomers are oxidized 


by different enzymes. The kidney preparations will oxidize only 
d-tyrosine. This oxidation can be divided into three stages, of 


uo / 
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which the first is an oxidative deamination which is not affected 
by KCN, and the second involves the utilization of another atom 
of oxygen and is inhibited by KCN. The third stage is obtained 
only when concentrated kidney suspensions are used and is also 
inhibited by KCN and involves the utilization of 2 more atoms of 
oxygen. The liver suspensions, however, oxidize both [- and d- 
tyrosine, and in both cases 4 atoms of oxygen are used. The 
oxidation mechanisms in the liver are quite distinct for the two 
isomers. The oxidation of the 1 isomer is inhibited by KCN and 
is not accompanied by deamination; that of the d isomer is not 
affected by KCN and is accompanied by deamination. Further, 
the oxidation of the d isomer in the liver and kidney proceeds by 
different mechanisms. In both cases 4 atoms of oxygen can be 
taken up for every molecule of d-tyrosine, but in the kidney the 
uptake of 3 atoms is inhibited by KCN. These results indicate 
that the catabolic path of l-tyrosine is different from that of d- 
tyrosine and that the liver and kidney attack d- and /-tyrosine 
differently. 


SUMMARY 


1. Kidney suspensions and the purified kidney enzyme prepara- 
tion will oxidize d-tyrosine but not /-tyrosine. 

2. Up to 4 atoms of oxygen can be taken up for every molecule 
of d-tyrosine oxidized by the kidney suspension. With the puri- 
fied enzyme 1 or 2 atoms of oxygen are taken up, depending on the 
degree of purification. 

3. Deamination occurs with the kidney preparations when 1 
atom of oxygen is taken up for every molecule of d-tyrosine. This 
stage of the oxidation is not inhibited by 0.005 m KCN but the 
further oxidation of d-tyrosine by kidney is cyanide-sensitive. 

4. d-Tyrosine will reduce methylene blue in the presence of the 
kidney preparations. 

5. Liver suspensions will oxidize both d- and /-tyrosine. In 
both cases 4 atoms of oxygen are taken up for every molecule of 
tyrosine oxidized. 

6. The oxidation of l-tyrosine by liver is completely inhibited 
by 0.005 m KCN; that of d-tyrosine is unaffected. 

7. l-Tyrosine is not deaminated by the liver preparation, but 
d-tyrosine is completely deaminated. 


< 
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8. Apparently neither d- nor l-tyrosine will reduce methylene 
blue in the presence of the liver preparations. 
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Knowledge is rather meager regarding the specificity of pro- 
teinases, the group of enzymes which effect the hydrolysis of 
genuine proteins. It is only known that during their action acidic 
and basic groups are formed in equivalent amounts (2). The sim- 
plest explanation for this observation is that the proteinases split 
peptide linkages in the proteins. However, the known peptide- 
splitting enzymes cannot hydrolyze proteins and, furthermore, no 
synthetic peptides were found to be attacked by the proteinases. 
As long as the riddle of the action of the proteinases remains 
unsolved, the problem of the proteins themselves can scarcely be 
cleared up. 

In the experiments reported in the present paper, a number of 
synthetic substrates for papain are described. The finding of 
synthetic substrates and the possibility of changing their structure 
almost at will permit a systematic study of papain specificity. 

In proteins there are present basic and acidic side chains but 
nearly no free a-amino or a-carboxyl groups. Therefore, peptides 
were synthesized which contained no free a-amino group or 
a-carboxyl but which bore a B- or y-carboxy] in the side chain, 
such as carbobenzoxyglycylglutamylglycine ethyl ester (1), carbo- 
benzoxyglycylisoglutamine (II), and carbobenzoxyglycylaspara- 
gylglycine ethyl ester (III). All three tripeptides were split by 
papain-hydrocyanic acid, (I) and (II) being attacked more rapidly 

* For Paper V of this series see (1). 

+t Fellow of the Rockefeller Foundation. 
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than (III). The tetrapeptide benzoyldiglycylglutamylglycine 
ethyl ester (IV) was split even more quickly (Table I). When the 
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hydrolytic products resulting from these four compounds were 
isolated, it was found that carbobenzoxyglycine (or hippuric acid) 


The site of hydrolysis was therefore not 


was obtained in all cases. 
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determined by the glutamic acid portion but rather by the end 
acylamino group. It was then found that the free carboxyl of the 
side chain is not necessary for papain action. Furthermore, the 
surprising observation was made that simple compounds such as 
carbobenzoxytetraglycine (V), carbobenzoxytriglycine (V1), car- 


TABLE 
Hydrolysis of Peptides of Glutamic and Aspartic Acids 
Hydrolysis | 
Substrate Time ‘ite | ies Isolation of products 
tion Slyke 
hrs. per ceni per cent 
Carbobenzoxyglycyl-l- 5 6-4 63  Carbobenzoxyglycine, 
glutamylglycine 23 9] 92 50% yield 
Carbobenzoxyglycyl-l- 2 26  Carbobenzoxyglycine, 
glutamylglycine ethyl 73 50 80% yield 
ester 233 90 
Carbobenzoxyglycyl-l- 23 | 24 27 | Carbobenzoxyglycine, 
isoglutamine 5 65 68 84% yield 
100 
Benzoyldiglycyl-l-gluta- } 62 | Hippuric acid, 65% yield 
mylglycine ethyl ester 6 97 
Carbobenzoxyglycyl-l- 23} 32 | Carbobenzoxyglycine, 
asparagylglycine ethyl 48 52 65% vield 
ester 120 90 
Benzoyl-l-isoglutamine 23 | 64 Benzoyl-l-glutamiec acid, 
26 90 75% vield 
Carbobenzoxy-l-glutamyl- | 20 25 | Carbobenzoxy-/l-glutamic 
glycine ethyl ester 73 65 acid, 838% vield 
166 90 
Glycyl-l-glutamylglycine 6 2 
24 6 
ethyl ester 
Glycyl-l-glutamyl glycine 4 0 0 
Glyeyl-l-glutamic acid 2 0 0 
diketopiperazine 25 0 4 


bobenzoxydiglycine (VII), and even hippurylamide (VIII) were 
split by papain, and in the last mentioned case quite rapidly. In 
addition, splitting was observed for benzoyldiglycy]-l-leucylgly- 
cine (IX) and carbobenzoxytriglycyl-l-leucylglycine (X) (Table 
II). In all of the above examples an acid amide linkage is hydro- 
lyzed, namely the one next to the end acylamino group. The 
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place of splitting is indicated in the formule by means of a dotted 
line. In all cases at least one of the split-products was isolated 


TaB_eE II 
Hydrolysis of Peptides of Glycine and Leucine 
Substrate Time Titra- | Van Isolation of products 


tion Slyke 


hrs. \per cent|per cent 


Hippurylamide 4 59 Hippuric acid, 95% yield 
24 92 
Carbobenzoxyglycylgly- 24 25 | Carbobenzoxyglycine, 
cine 43 43 40% yield 
91 73 
Carbobenzoxytriglycine 24 50 48 | Carbobenzoxyglycine, 


48 72 73 95%; glyeylglycine, 40°% 
72 83 85 yield 


Carbobenzoxytetraglycine | 24 85 | Carbobenzoxyglycine, 
46 100 77°; +~=triglyeine, 52% 
| yield 
Carbobenzoxyglycylsarco- , 46 4 3 
syldiglycine 
Benzoylglycyl-l-leucyl- 4 90 9) | Hippurie acid, 100%; l- 
glycine 24 | 100 | 100 leucylglycine, 45% yield 
Benzoylglycyl-d-leucy]- 19 12 12 | Hippurie acid, 77% yield 
glycine 43 35 33 


22 90 Hippuric acid, 75% yield 
glycine 43 | 100 

Carbobenzoxytriglycyl-l- 25 93 | 101 | Carbobenzoxyglycine, 
leucylglycine* 75% yield; carbobenz- 

oxytriglycine isolated 

Carbobenzoxy-l-leucyl- 5 47 50 | Carbobenzoxy-l-leucyl- 

glycylglycine 18 87 90 glycine, 82%; glycine, 
42 95 97 72% yield 

Carbobenzoxy-d-leucyl- 5 0 
glveylglycine 24 0 0 

Benzoyl-dl-leucylglycyl- 8} 60 55 | Carbobenzoxyglycine, 
glycine 25 92 92 60% yield 


* Did not go into solution at start of reaction. 


either directly or in the form of simple derivatives. In several 
cases both products were isolated. 
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It will be noted that all the substrates mentioned above have 
an acylglycyl group. We have investigated several specificity 
requirements of the enzyme for this class of papain substrates. 
The most striking fact is that papain requires two acid amide 
linkages. One of them is split, and the other is evidently necessary | 
as a point of attachment for the enzyme. In contrast with the 
known peptidases (dipeptidase, aminopeptidase, and carboxypep- 
tidase), papain does not require a free a-carboxyl or free amino 
group near the peptide linkage. In fact, a neighboring free amino 
group inhibits papain action. Carbobenzoxyglycylglutamylgly- 
cine ester and carbobenzoxyglycylglutamylglycine are hydrolyzed 
to about 50 per cent in 6 hours; glycylglutamylglycine is not 
attacked in that time. 

It was mentioned before that carbobenzoxytetraglycine is split 
by papain into carbobenzoxyglycine and triglycine. The analo- 
gous carbobenzoxyglycylsarcosyldiglycine (XI) is, however, not 
attacked. Thus, when the peptide hydrogen is substituted by a 
methyl group in the peptide linkage to be split, the bond becomes 
resistant to hydrolysis.! 

In order to investigate the influence of spatial configuration on 
papain activity, benzoylglycyl-l-leucylglycine (XII) and _ the 
corresponding d-peptide were compared. In 5 hours the l-peptide 
was split quantitatively into hippuric acid and J-leucylglycine, 
both of which were isolated. The d-peptide was also split by 
papain to yield similar products but at a much slower rate. After 
5 hours only 10 per cent splitting was observed, and 4 days were 
required to complete the hydrolysis. Here is a case of relative 
spatial specificity; it cannot as yet be stated whether this finding 
is to be attributed to steric hindrance or to a difference in the affin- 
ity of the enzyme for the d and l forms of the peptide. 

An obvious extension of these experiments was the investigation 
of the behavior of papain towards the benzoyl (XIII) and carbo- 
benzoxy (XIV) derivatives of leucylglyecylglycine. With both 
compounds, observations were made which should have signifi- 
cance for the specificity of papain. The d form of the peptide is 
not split by papain. The l form is hydrolyzed to carbobenzoxy-l- 
leucylglycine and glycine. Other hydrolytic products could not 


1 Experiments of Dr. William F. Ross showed that carbobenzoxyglycyl- 
proline also is not attacked by papain. ; 
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be found. Thus, when the acyl derivatives of glycyl-l-leucyl- 
glycine and of J-leucylglycylglycine are compared, it becomes 
evident that when leucine is situated next to the acyl group the 
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site of splitting is shifted one amino acid residue away from the 
acyl group. The presence of the isobutyl group produces in the 
l isomer a hydrolytic mechanism different from that found for the 
above described acylglycine peptides. The difference between the 
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d and l forms is here a case of absolute specificity. The influence 
of the asymmetry of the leucine residue is particularly significant, 
since the leucine does not participate in the peptide bond which is 
hydrolyzed. No example has hitherto been encountered in the 
chemistry of proteolytic enzymes where substitution of one ali- 
phatic monoaminomonocarboxylic acid by another produced such 
a deep seated alteration in the mechanism of hydrolysis. One 
may well await eagerly the result of the introduction of other and 
more complex amino acids, as it affects the specificity of papain. 

The fact that a large number of acylated peptides were found to 
be hydrolyzable by papain gives rise to the question: What con- 
nection is there between the splitting of these acyl peptides and 
the splitting of proteins? In order to answer this question it 
becomes necessary to reinvestigate the behavior of papain towards 
free polypeptides, although according to the literature synthetic 
peptides are resistant towards proteinases. ‘To this end we are 
studying free polypeptides containing various amino acids. 

It should be pointed out that it is not yet clear whether the 
crude enzyme preparation from Carica papaya represents an 
enzymatically homogeneous substance. It is certain, however, 
from earlier work (3) as well as from our experiments, that at pH 5 
and after activation by hydrocyanic acid, papain showed no action 
on the known substrates of dipeptidase, aminopeptidase, and 
carboxypeptidase. The splittings described in this paper occur, 
furthermore, at positions which rule out the action of any of the 
above three enzymes. However, the possibility cannot be ex- 
cluded that these observations are due to the action of only a part 
of the papain complex and that in addition to this part there are 
other proteolytic enzymes in the enzyme preparations employed 
by us. We have directed our attention to this problem and are 
investigating the well known inactivation of papain by oxidizing 
reagents and the reactivation by hydrocyanic acid in relation to 
the splitting of our synthetic substrates. 


Correction 


It was mentioned above that carbobenzoxyglycylglutamyl- 
glycine ester (I) is split by papain and that 80 per cent of carbo- 
benzoxyglycine was isolated from the hydrolysate. In a prelimi- 
nary note (4) we reported that (I) is also split by tryptic proteinase. 
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We observed an increase in carboxyl and none in amino nitrogen. 
Thus, it was concluded that with trypsin there occurs a splitting 
analogous to that found for papain, whereby the resulting dipep- 
tide ester was transformed to a diketopiperazine at pH 8. In the 
isolation of the reaction products, performed in the meantime, no 
carbobenzoxyglycine could be isolated, showing that no tryptic 
hydrolysis of a peptide bond had occurred. 


EXPERIMENTAL 
Glycyl-l-Glutamyl-a-Glycine 


Ethyl Ester—To an an- 
hydrous ether solution of glycine ethyl ester (prepared from 30 
gm. of hydrochloride) there was added with cooling an ethyl 
acetate solution of 13 gm. of carbobenzoxy-l-glutamic acid an- 
hydride (5). After 3 hours, the solution was washed with dilute 
HCl and evaporated under diminished pressure. The residue, 
after dissolving in ether, yields needles upon standing. The 
substance was recrystallized from hot ethyl acetate. M.p., 
126°;? yield, 8.7 gm. 

From the enzymatic hydrolysis to 90 per cent of 915 mg. of this 
substance there were isolated 450 mg. of a product with a melting 
point of 110-112°; mixed melting point with carbobenzoxyglu- 
tamic acid, 112°. 

l-Glutamyl-a-Glycine Ethyl Ester—8.2 gm. of the above sub- 
stance were hydrogenated in the usual manner in alcohol and 2 ce. 
of glacial acetic acid. The residue, after evaporation of the solu- 
tion, was repeatedly evaporated with alcohol. The spongy mass 
obtained upon precipitation with alcohol and ether was heated in 
absolute alcohol. Needles; yield, 4.1 gm.;m.p., 151°. 


CoHisO5N2 (232.1). Calculated, N 12.1; found, N 12.0 (Kjeldahl) 


Carbobenzoxyglycyl-l-Glutamyl-a-Glycine Ethyl Ester—To 4.5 gm. 
of the previous substance in an ice-cooled saturated aqueous solu- 
tion of 2.5 gm. of sodium bicarbonate there were added, in three 
portions within 5 to 6 minutes, 5 gm. of carbobenzoxyglycy] 
chloride and 10 ce. of 2 N NaOH. On acidifying, a syrup was 


2? Grassmann and Schneider (6) report a melting point of 122° for this 
substance. 
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obtained which crystallized on standing in the ice box. Yield, 
8.3 gm. The substance was recrystallized from hot alcohol. 
Needles; m.p., 169°. 


CisH2;0sN;3. Caleulated. C 53.9, H 5. 


5.9, } 9 
423 Found. “54.0, 5. 


9,N 9. 
9, ‘* 10.1 (Dumas) 


From the enzymatic hydrolysis to 90 per cent of 742 mg. of this 
substance there were isolated 260 mg. of a product with a melting 
point of 119°; mixed melting point with carbobenzoxyglycine, 119°. 

Carbobenzoxyglycyl-l-Glutamyl-a-Glycine—0.7 gm. of the car- 
bobenzoxytripeptide ester was dissolved in 4 ec. of N NaOH, 
allowed to stand $ hour at room temperature, acidified with 
concentrated HCl, and the solution extracted three times with 
ethyl acetate. The extract was evaporated down and ether was 
added, yielding a solid mass which was recrystallized from alcohol- 
ether. Yield, 0.33 gm.; needles; m.p., 98-100°. 


C,7H2OsN; (395.2). Calculated, N 10.6; found, N 10.5 (Kjeldahl) 


From the enzymatic hydrolysis to 92 per cent of 264 mg. of this 
substance there were isolated 46 mg. of a product with a melting 
point of 119°; mixed melting point with carbobenzoxyglycine, 
119°. 

Glycyl-l-Glutamyl-a-Glycine—1.3 gm. of the previous substance 
were dissolved in 50 per cent methanol and 1 ec. of glacial acetic 
acid and hydrogenated in the usual manner. After the solution 
was evaporated, water was added and evaporated off several times. 
The residue was recrystallized from hot alcohol by adding water 
to dissolve the erystals and cooling slowly. Needles; yield, 0.8 
gm. 


C'y,H,,0¢N3. Caleulated. C 41.4, H 5.8, N 16.1 
261 Found. 41.3, 5.9, 16.0 (Dumas) 


Glycylglutamic Acid Diketopiperazine 


To 6.4 ec. of N lithium hydroxide solution saturated with CO, 
at 20° there were added 1.1 gm. of glutamyl-a-glycine ethyl ester. 
4 hours later, after being acidified to a weak Congo red reaction, 
the solution was evaporated down and the residue washed with 
absolute alcohol. Needles; yield, 0.4 gm.; m.p., 240°. The sub- 
stance gave no nitrogen by the Van Slyke procedure. 
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C7H:0O4N2 (186). Calculated, N 15.0; found, N 14.9 (Kjeldahl) 


Carbobenzoryglycyl-l-A sparagyl-a-Glycine Ethyl Ester 


Carbobenzoxy-l-A sparagyl-a-Glycine Ethyl Ester—12 gm. of 
carbobenzoxy-l-aspartic acid anhydride were added to an ice- 
cooled solution of glycine ethyl ester (prepared from 25 gm. of 
hydrochloride) in 150 ce. of anhydrous ethyl acetate. On standing 
at 20°, needles (13 gm.) separated out which were filtered off after 
3 hours and heated in ethyl acetate. They were dissolved in hot 
water, and the solution acidified with concentrated HCl and 
extracted twice with ethyl acetate. After evaporation the residue 
was washed with ether. Needles; yield, 8.5 gm.; m.p., 105-107°. 
The substance was recrystallized several times from acetone, 
whereupon a constant melting point of 128°? was obtained, but the 
yield drops sharply. 


C'6H20O;N2 (352.2). Caleulated, N 8.0; found, N 8.0 (Kjeldahl) 


l-A sparagyl-a-Glycine Ethyl Ester —2 gm. of the above ester were — 
dissolved in 50 per cent ethyl aleohol and 0.5 ee. of glacial acetic | 
acid and hydrogenated in the usual manner. The residue (needles) 
obtained upon evaporating the solution was repeatedly treated 
with alcohol followed by evaporation. The crystals were trans- 
ferred to the filter with aleohol. Yield, 1.1 gm.; m.p., 232°. 


C'sH4OsNe2 (218.1). Caleulated, N 12.8; found, N 12.7 (Kjeldahl) 


Carbobenzoxryglycyl-l-A sparagyl-a-Glycine Ethyl Ester—2 gm. 
of the previous substance were dissolved in an ice-cooled solution 
of 1.3 gm. of KeCO; in 10 ec. of water and immediately treated 
with 1.2 gm. of carbobenzoxyglycyl chloride and 0.65 gm. of 
KeCO3 (in 5 ec. of water). After 2 minutes 1.2 gm. of chloride 
and 0.65 gm. of carbonate were added again. The solution was 
extracted with ether, and the aqueous layer acidified, yielding a 
syrup which crystallized. Needles; yield, 2.6 gm. After recrys- 
tallization from alcohol, the melting point was 148°. 


3 Grassmann and Schneider (6) report a melting point of 113°. The acid 
obtained from the above ester by hydrolysis with 2 moles of NaOH for 20 
minutes melted at 168°. After the material recrystallized from water, the 
melting point rose to 171°. Grassmann and Schneider report a melting 
point of 160° for the acid. 
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C,sH2;08N3. Calculated. C 52.8, H 5.7, N 10.3 
409 .2 Found. 62.7, 5.9, ** 10.0 


From the enzymatic hydrolysis to 90 per cent of 306 mg. of this 
substance there were isolated 82 mg. of a product with a melting 
point of 117°; mixed melting point with carbobenzoxyglycine, 119°. 


Benzoyldiglycyl-l-Glutamylglycine Ethyl Ester 


tlycyl-l-Glutamylglycine Ethyl Ester—3 gm. of the corresponding 
carbobenzoxy compound in aqueous alcohol and 0.7 ce. of glacial 
acetic acid were hydrogenated in the usual manner. The solution 
was evaporated down, yielding a residue which was dissolved in 
water, and the resulting solution evaporated down. Needles; 
yield, 1.7 gm. 

C11H1906N;3 (289.2). Calculated, N 14.5; found, N 14.4 (Kjeldahl) 


Benzoyldiglycyl-l-Glutamylglycine Ethyl Ester—0.6 gm. of the 
previous substance was dissolved in an ice-cooled solution of 0.2 
gm. of soda in 5 ce. of water and immediately treated with 0.4 
gm. of hippury! chloride and 0.2 gm. of soda (in 5 ec. of water) in 
two portions. The precipitate obtained on acidifying was recrys- 
tallized twice from alcohol. Needles; m.p., 252°. 


CooHosOgN, (337.2). Calculated, N 12.5; found, N 12.4 (Kjeldahl) 


From the enzymatic hydrolysis to 97 per cent of 328 mg. of this 
substance there were isolated 70 mg. of a product with a melting 
point of 189°; mixed melting point with hippurie acid, 189°. 


Carbobenzoxyglycyl-l-I soglutamine 


1.5 gm. of l-isoglutamine in 15 ec. of ice-cooled water were 
treated during 15 minutes with 0.6 gm. of MgO and 2.1 gm. of 
carbobenzoxyglycyl chloride. After being acidified the solution 
was extracted with ethyl acetate. Crystals (prisms) were ob- 
tained on concentrating the ethyl acetate layer. A second crystal- 
lization was obtained by allowing the aqueous layer to stand at 
0°. Prisms; yield, 1 gm.; m.p., 185°. 

CisHisO6N3. Calculated. C 53.4, H 5.7, N 12.5 
337 .2 Found. “53.1, 5.9, 12.4 (Kjeldahl) 


From the enzymatic hydrolysis to 100 per cent of 420 mg. of this 
substance there were isolated 210 mg. of a product with a melting 
point of 120°; mixed melting point with carbobenzoxyglycine, 120°. 
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Benzoyl-l-Isoglutamine 


1.4 gm. of l-isoglutamine were dissolved in an ice-cooled solution 
of 1 gm. of soda in 15 cc. of water and immediately treated with 
1.2 cc. of benzoyl chloride and 1 gm. of soda in two portions. 
After small amounts of benzamide were filtered off, the solution 
was acidified, yielding crystals which were recrystallized from hot 
water. Needles; yield, 1 gm.;m.p., 158°. 


Ci2H14O4N2 (250.1). Calculated, N 11.2; found, N 11.2 (Kjeldahl) 


From the enzymatic hydrolysis to 96 per cent of 600 mg. of this 
substance there were isolated 450 mg. of a product with a melting 
point of 133-135° 


Benzoyl-l-glutamic acid. Caleulated, N 5.6; found, N 5.5 


Carbobenzoxytriglycine 


5.7 gm. of glycine anhydride were dissolved in 50 ec. of N NaOH 
(requires 3 hour) and then treated at 0° with 11.3 gm. of carbo- 
benzoxyglycyl chloride and 55 ce. of N NaOH in four portions. 
On acidifying, crystals were obtained which were recrystallized 
from water. Plates; yield, 11.6 gm.; m.p., 196°. 


C 14H 1706N3. Caleulated. C 52.0, H 5.3, N 13.0 
323.1 Found. 52.2, 5.4, 13.1 (Kjeldahl) 


From the enzymatic hydrolysis to 85 per cent of 809 mg. of this 
substance there were isolated: (a) 380 mg. of a product with a 
melting point of 120°, mixed melting point with carbobenzoxy- 
glycine, 120°; (b) on coupling with carbobenzoxy chloride, 215 mg. 
of a product with a melting point of 178°, mixed melting point 
with carbobenzoxydiglycine, 178°; (c) 73 mg. of unchanged car- 
bobenzoxytriglycine with a melting point of 195°. 


Carbobenzoxytetraglycine 


1.6 gm. of triglycine in 7.2 cc. of N NaOH were treated at 0° 
with 1.6 gm. of carbobenzoxyglycy] chloride and 7.2 cc. of N NaOH. 
The crystals obtained on acidifying were recrystallized from a 
large volume of water. Yield, 1.7 gm.; m.p., 230°. 


4. Calculated. C 50.5, H 5.3, N 14.7 
380.1 Found. “50.5, 5.3, 14.7 (Kjeldahl) 


From the enzymatic hydrolysis to 100 per cent of 950 mg. of 
this substance there were isolated: (a) 390 mg. of a product with a 
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melting point of 118°, mixed melting point with carbobenzoxy- 
glycine, 118°; (b) on coupling with benzylearbonyl] chloride, 390 
mg. of a product with a melting point of 195°, mixed melting point 
with carbobenzoxytriglycine, 195°. 


Carbobenzoxryglycylsarcosyldiglycine 


To 4.1 gm. of sarcosyldiglycine in 20 ec. of N NaOH were added 
at 0° 4.2 gm. of carbobenzoxyglycyl] chloride and 20 ec. of N NaOH 
in four portions. The syrup obtained on acidification was dis- 
solved in a hot mixture of acetone and absolute alcohol, the solu- 
tion filtered, and the filtrate evaporated, yielding a syrup which 
crystallized on standing. Yield, 4.2 gm. The substance was 
recrystallized from ethyl acetate by addition of methanol to dis- 
solve, and cooling slowly. Needles; m.p., 127° 


Cy7H2ONs. Caleulated. © 51.7, H 5.6, N 14.2 


l-Leucylglycine 


Carbobenzory-l-Leucylglycine Ethyl Ester—To a solution of 2.9 
gm. of l-leucylhydrazide in a mixture of 10 ce. of glacial acetic 
acid, 5 ec. of concentrated HCl, and 25 ce. of water, there was 
added at 0° 0.6 gm. of NaNOcin 5cc. of water. After the resulting 
syrup was extracted with ether, the ether layer was successively 
washed with cold water, bicarbonate, and dilute HCl. The sub- 
stance obtained upon evaporating off the ether was recrystallized 
from ethyl acetate-petroleum ether. Needles; yield, 1.5 gm.; 
m.p., 103—104°. 


CisH2s5N2O0; (350.2). Caleulated, N 8.5; found, N 8.3 


Carbobenzoxy-l-Leucylglycine—18 gm. of the above ester in 
methanol solution were allowed to stand for 20 minutes with 1.1 
moles of 2 N NaOH, and after the solution was acidified the metha- 
nol was evaporated off. The substance crystallized after the 
remaining solution was extracted with bicarbonate and acidified. 
Prisms; yield, 11 gm.; m.p., 115°. 

CisH2O;Ne2. Calculated. C 59.6, H 6.9, N 8.7 
322.2 Found. “594, 7.0, 85 


Free Dipeptide—This was obtained in 75 per cent yield upon 
hydrogenation of the previous substance. It was transferred to 
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the filter with absolute alcohol after evaporation of the solvent. 
Needles. 
[a]p = +85.8° (c = 2.4 per cent in water) 


CsHisO3N2. Calculated. C 51.0, H 8.6, N 14.9 
188.1 Found. ** 50.9, 8.7, 14.9 


Glycyl-l-Leucylglycine 


Carbobenzoxyglycyl-l-Leucylglycine Methyl Ester—4 gm. of l- 
leucylglycine were kept overnight at 0° in 40 cc. of methanol 
previously saturated with HCl gas. After the solvent was evap- 
orated off, the resulting ester hydrochloride was converted to the 
ester in the usual manner, with ethyl acetate as the solvent. After 
the addition of 2.3 gm. of carbobenzoxyglycyl chloride, another 
2.3 gm. of chloride and bicarbonate solution were added and the 
reaction mixture was shaken with cooling. After the solution 
was washed with dilute HCl and bicarbonate, the ethyl acetate 
was evaporated off. The substance was recrystallized from ethyl 
acetate-petroleum ether. Yield, 6.8 gm.; m.p., 131°. 


C19H2706N; (393.2). Calculated, N 10.7; found, N 10.6 (Kjeldahl) 


Free Tripeptide—2.8 gm. of the above ester were hydrolyzed in 
15 minutes in methanol and 4.4 ec. of 2 N NaOH. After being 
acidified, the methanol was removed by evaporation, and the 
aqueous residue extracted with ethyl acetate. The ethyl acetate 
solution was extracted with bicarbonate, the aqueous layer acidi- 
fied, and again extracted with ethyl acetate. The syrup obtained 
upon evaporation of the ethyl acetate solution was hydrogenated 
in methanol and 0.6 ce. of glacial acetic acid. Evaporation of the 
solution yielded needles which were transferred to the filter by 
means of absolute alcohol. 


la]p = —41.2° (c = 2.5 per cent in water) 
CioH19O4N; (245.1). Caleulated, N 17.1; found, N 16.9 


Benzoylglycyl-l-Leucylglycine-—To a solution of 1 gm. of the free 
tripeptide in 4.1 ce. of N NaOH there were added at 0° in several 
portions 0.5 ec. of benzoyl chloride and 4.2 ce. of N NaOH. On 
acidifying, a syrup resulted which crystallized on scratching. The 
material was heated in ether and recrystallized from water. Yield, 
0.9 gm.; m.p., 186°. 


Fischer (7) gives = +81.5-86°. 


* 
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[a]it = —35.8° (c = 2.7 per cent in water + 1 equivalent of NaOH) 
C17H2;0;5N3. Calculated. C 58 .4, H 6.6, N 12.0 
349.2 Found. 58.5, 6.8, 12.0 (Kjeldahl) 


From the enzymatic hydrolysis to 100 per cent of 524 mg. of 
this substance there were isolated: (c) 225 mg. of a product with a 
melting point of 186°; mixed melting point with hippuric acid, 
186°; (b) on coupling with benzylearbonyl chloride, 219 mg. of a 
product with a melting point of 115°, mixed melting point with 
carbobenzoxy-l-leucylglycine, 115°. 


Carbobenzoxy-l-leucylglycine. Calculated, N 8.7; found, N 8.7 (Kjeldahl) 


Benzoylglycyl-d-Leucylglycine 
Carbobenzoxyglycyl-d-Leucylglycine Methyl Ester—This was pre- 


pared from 2 gm. of d-leucylglycine (Hoffmann-La Roche) in the 
same manner asthelisomer. Yield, 2 gm.;m.p., 131°. 


C19H2706N; (393.2). Calculated, N 10.7; found, N 10.7 (Kjeldahl) 


Benzoylglycyl-d-Leucylglycine Methyl Ester—1.3 gm. of the 
previous substance were dissolved in methanol containing 2 moles 
of HCl gas, and hydrogenated. The solution was evaporated, the 
residue dissolved in 3 ce. of water, overlaid with ethyl acetate, and 
then 1 ec. of benzoyl chloride and bicarbonate solution added at 
0° with shaking. The ethyl acetate solution was washed as usual 
and concentrated down. On addition of ether 1 gm. of needles 
was obtained, having a melting point of 180°. 


CisH2;0;N;3 (363.2). Calculated, N 11.6; found, N 11.5 (Kjeldahl) 


Benzoyltripeptide—The above ester was saponified in methanol 
and 1.1 moles of N NaOH in 15 minutes. After being acidified, 
the methanol was evaporated off, and the product recrystallized 
from water. Needles; m.p., 186°. 


[a] = +35.2° (c = 2.7 per cent in water + 1 equivalent of NaOH) 
Ci7H230;N3. Calculated. N 12.0 
349.2 Found. ‘* 11.7 (Dumas) 
12.0 (Kjeldahl) 


From the enzymatic hydrolysis to 96 per cent of 437 mg. of this 
substance there were isolated 132 mg. of a product which on 
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recrystallization melted at 185°; mixed melting point with hippuric 
acid, 186°. 


Diglycyl-l-Leucylglycine 


To a solution of 2.4 gm. of glycyl-l-leucylglycine in 10 cc. of N 
NaOH there were added at 0° in four portions 2.3 gm. of carbo- 
benzoxyglycyl chloride and 10 cc. of N NaOH. The syrup ob- 
tained on acidifying the solution was taken up in ethyl] acetate, and 
the extract washed with water and evaporated down. On treat- 
ment with acetone, 2.7 gm. of prisms were obtained (m.p., 118— 
119°) which were immediately hydrogenated in aqueous methanol 
and 0.25 cc. of glacial acetic acid. Upon repeated evaporation 
from water, crystals were obtained which were recrystallized from 
alcohol-water. Rosettes; yield, 1.5 gm. 


[a]p = —43.2° (c = 2.5 per cent in water) 
C12H220;5N 2. Calculated. C 47.7, H 7.3, N 18.5 
302.1 Found. 47.6, 7.4, “ 18.4 (Kjeldahl) 


Benzoyltetrapeptide—This was prepared from the free peptide in 
the same manner as benzoylglycyl-l-leucylglycine. Yield, 70 per 
cent; m.p., 195°. 


CisH2sOeN, (406.2). Calculated, N 13.8; found, N 13.7 (Kjeldahl) 


From the enzymatic hydrolysis to 98 per cent of 280 mg. of this 
substance there were isolated 85 mg. of a product with a melting 
point of 186°; mixed melting point with hippuric acid, 186°. 


Triglycyl-l-Leucylglycine 


Carbobenzoxypentapeptide—To a solution of 1.4 gm. of diglyeyl- 
l-leucylglycine in 4.6 ce. of N NaOH there were added in three 
portions at 0° 1 gm. of carbobenzoxyglycyl chloride and 4.7 cc. of 
N NaOH. The precipitate obtained on acidification was recrys- 
tallized from 50 per cent methanol. Yield, 2.2 gm.; m.p., 225°. 


Co2H3,05Ns5. Calculated. C 53.5, H 6.3, N 14.2 
493 .3 Found. “53.6, “ 6.5, ‘ 14.1 (Kjeldahl) 


From the enzymatic hydrolysis to 100 per cent of 690 mg. of this 
substance there were isolated: (a) 200 mg. of a product with a 
melting point of 120°, mixed melting point with carbobenzoxy- 
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glycine, 120°; (b) 50 mg. of a product with a melting point of 193- 
194°, mixed melting point with carbobenzoxytriglycine, 194°. 

Free Pentapeptide—1.5 gm. of carbobenzoxy compound were 
suspended in 50 per cent methanol and 0.2 cc. of glacial acetic acid 
and hydrogenated as usual. After repeated addition and evapora- 
tion of water the substance was recrystallized by adding water to 
the alcoholic suspension to dissolve the crystals and the solution 
cooled slowly. Needles; yield, 0.8 gm. 


[a] = —28 4° (c = 2.5 per cent in water) 
5. Calculated. 46.8, H 7.0, N 19.5 
359.1 Found. 46.7, 7.1, 19.3 (Kjeldahl) 


Carbobenzoxy-l-Leucylglycylglycine 


Carbobenzoxry-laLeucyldiglycine Ethyl Ester—An ethereal solu- 
tion of carbobenzoxyleucylazide (from 12 gm. of hydrazide) was 
added to an ethyl acetate solution of diglycine ethyl ester (from 
10 gm. of hydrochloride). The ether was evaporated off and after 
standing several hours at 50°, the ethyl acetate solution was 
treated with gaseous HCl. 5 gm. of unchanged ester were recov- 
ered as the hydrochloride. After the filtrate was washed with 
water and bicarbonate, it was evaporated down and to the resi- 
due ether was added. Needles; yield, 6 gm.; m.p., 105°. 


CooH2gOeN3. Calculated. C 58.9, H 7.2, N 10.3 
407 .2 Found. 59.1, 7.4, 10.3 (Kjeldahl) 


Carbobenzorytripeptide—The saponification proceeded in the 
same manner as for carbobenzoxyglycylleucylglycine. Needles: 
yield, 75 per cent; m.p., 144°. 


[a] = —12.8° (c = 4.9 per cent in alcohol) 
Calculated. (' 57.0, H 6.6, N 11.1] 
379 Found. 57.0, 6.9, 10.9 (Kjeldahl) 


From the enzymatic hydrolysis of 950 mg. of this substance to 
96 per cent there were isolated: (a) 600 mg. of a product with a 
melting point of 116°, mixed melting point with carbobenzoxy-l- 
leucylglycine, 116°; (b) on coupling with carbobenzoxy chloride 
440 mg. of a product with a melting point of 120°, mixed melting 
point with carbobenzoxyglycine, 120°. For the product of (a) 
8.7 per cent N was found; calculated for carbobenzoxy-l-leucyl- 
glycine, N 8.7. 
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Carbobenzoxy-d-Leucylglycylglycine 


To a solution of 1.2 gm. of d-leucylglyeylglycine (Hoffmann-La 
Roche) in 5 ec. of N NaOH there were added at 0° 0.9 gm. of car- 
bobenzoxy chloride and 7 ec. of N NaOH. After acidification and 
extraction with ethyl acetate, the carbobenzoxy compound was 
taken up in bicarbonate and the solution acidified. When recrys- 
tallized from methanol-water the yield was 0.6 gm.; m.p., 144°. 


[a]p = +12.3° (c = 4.9 per cent in alcohol) 
CisH2,0eN;3. Calculated. C 57.0, H 6.6, N 11.1 
379.2 Found. 56.9, 6.9, 11.0 (Kjeldahl) 


Benzoyl-dl-Leucylglycylglycine 
1.5 gm. of dl-leucyldiglycine in 20 ce. of water containing 4 gm. 
of KHCQOs; were treated with 1.4 gm. of benzoyl chloride in the 
usual manner. Several hours after acidifying, the resulting precip- 
itate was filtered off, dried, heated in acetone, and recrystallized 
from water. Needles; yield, 1.1 gm.;m.p., 168°. 


C17H2;03N3. Calculated. C 58 .4, H 6.6, N 12.0 
349.2 Found. 58.4, 6.8, 12.0 (Kjeldahl) 


From the enzymatic hydrolysis of 500 mg. of this substance to 
95 per cent (calculated for the / form) there were isolated, after 
extraction with ethyl acetate and carbobenzoxylation of the aque- 
ous layer, 96 mg. of a product with a melting point of 120° after 
recrystallization; mixed melting point with carbobenzoxyglycine, 
120°. 

Carbobenzoxyglycylglycine—This was prepared according to 
Bergmann and Zervas (5). 

From the enzymatic hydrolysis to 75 per cent of 1.330 gm. of 
this substance there were isolated 400 mg. of a product with a 
melting point of 120°; mixed melting point with carbobenzoxy- 
glycine, 120°. 

Hippurylamide—This was prepared according to Fischer (8). 
' From the enzymatic hydrolysis to 92 per cent of 267 mg. of this 
substance there were isolated 220 mg. of a product with a melting 
point of 187°; mixed melting point with hippuric acid, 186°. 


Isolation of Split-Products 


Upon completion of the enzymatic hydrolysis, the solution was 
concentrated under diminished pressure to 3 to 4 ec. and then 
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concentrated HC] added to Congo red acidity. The products, 
carbobenzoxyglycine or hippuric acid, crystallized out and were 
identified. In other cases, the acid solution was extracted with 
ethyl acetate and the split-product obtained by evaporation and 
precipitation with ether. In those cases where the second split- 
product was isolated as well, the filtrate of the above crystals was 
made slightly alkaline with concentrated NaOH and treated in 
the usual manner with an amount of benzylearbonyl chloride 
slightly larger than that calculated from the extent of splitting. 
After the material was acidified, the resulting carbobenzoxy deriv- 
atives were compared with synthetic preparations. 


Enzymatic Studies 


The enzyme solutions employed in these experiments were made 
up in the concentrations and activated with 3 per cent HCN as 
recommended by Grassmann (9) with a papain preparation ob- 
tained by evaporation of the juice of Carica papaya. In several 
cases (e.g., hippurylamide, carbobenzoxytriglycine) we repeated 
the enzymatic hydrolysis using the commercial papain, Merck, 
and obtained comparable results. 

The concentration of substrate was in all cases 0.5 mM and each 
ec. of the reaction mixture contained 0.2 ec. of enzyme solution 
and 0.1 ec. of 0.2 m citrate buffer of pH 5.0. The temperature in 
all cases was 40°. The extent of hydrolysis was determined by 
titration of the carboxyl groups according to Grassmann and 
Heyde (10) and by amino nitrogen estimations in the micro-Van 
Slyke apparatus. 
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ON PROTEOLYTIC ENZYMES 
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Lysine is coupled in the long peptide chains of proteins with its 
a-amino and carboxyl groups, leaving the eamino group free. 
For the study of proteolytic enzymes and of protein structure in 
general, a method was required to synthesize such lysine peptides 
with a single amino group, the e, free. Lysylhistidine (1), lysyl- 
aspartic acid (2), and similar compounds have been prepared 
previously, but in each of these lysine occupies the terminal amino 
position with both its basic groups free. We have now developed a 
new application of the carbobenzoxy method which makes it 
possible to form lysine peptides with the lysine coupled as it is in 
natural proteins. 

The key substance in this method is ecarbobenzoxylysine (IV), 
obtained from dicarbobenzoxylysyl chloride (II), through the 
intermediate «¢-carbobenzoxy-a-carboxyllysine anhydride (III). 
Formule (I) to (V) represent the series of reactions involved. 

Dicarbobenzoxylysyl chloride (II) has been prepared from (1) 
with phosphorus pentachloride. After the chlorination, the 
products have been heated for a time at 50—60° in order to convert 
the chloride (II) into the anhydride (If) with the splitting off of 
benzyl chloride. 

e-Carbobenzoxy-a-carboxyllysine anhydride is analogous to the 
N-carboxyl anhydrides of glycine and other amino acids studied 
by Leuchs and Geiger (3) and by Wessely (4). Like the latter 
substances, its ring is readily opened in aqueous hydrochloric acid 
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to give ecarbobenzoxylysine (IV), or in methyl alcoholic hydro- 
chloric acid to give the corresponding methyl ester hydrochloride 
(Vv). 

This ester may be coupled through its a-amino group with car- 
bobenzoxyglycyl chloride (any chloride or carbobenzoxypeptide- 
azide) to give a dicarbobenzoxypeptide ester. This, after con- 
version into the azide, may be condensed further with an amino 
acid ester or peptide ester to increase the length of the peptide 
chain. In this manner several series of modified lysine peptides 
have been first synthesized, for they were of interest in the inves- 


CH.-NH-Cbzo CH.2-NH-Cbzo CH2-NH-Cbzo 
Cbzo-NH-CH-COOH Cbhzo-NH-CH-CO-Cl NH-CH-CO 
Cco——O 
I II III 
| HCl, H 
a0 | Cl, H;COH 
CH.-NH-Cbzo CH2-NH-Cbzo 
(CH:); (CH2)s; 
NH2-CH-COOH HCl-NH:-CH-CO-OCH; 
IV V 


tigation of papain specificity. For simplicity’s sake, these are 
presented in tabular form (Table I). 

The carbobenzoxy radical is especially well adapted for protect- 
ing the e-amino group of lysine during the synthesis of lysine pep- 
tides with a free «amino group. In the preparation of simple 


1 The carbobenzoxy derivatives of the other amino acids may be con- 
verted into anhydrides in a similar way. The conversion of carbobenzoxy- 
amino acid chlorides into carboxyl anhydrides occurs so readily that the 
anhydrides may be obtained in an especially pure state, without any poly- 
merization. Such anhydrides have been frequently used in this laboratory 
to prepare amino acid benzy! esters, which have the advantage that they 
can be split by hydrogenation without the use of saponifying reagents. 
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peptides with a free terminal a-amino group, such as a-glycyllysine 
methyl ester dihydrochloride (IX), the ecarbobenzoxy group can 
be removed simultaneously with the terminal a-carbobenzoxy 
group from (VI). In the preparation of peptides with an acylated 
terminal a-amino group such as a-hippuryllysylglycine ethyl ester 
hydrochloride (XIII), the removal of the ecarbobenzoxy group of 
compound (XII) does not interfere with the acyl group. 


TABLE 


V. e-Carbobenzoxylysine methyl ester hydrochloride 


VI. a-Carbobenzoxyglycyl-e-car- <— —XI. a-Hippuryl-e-carbo- — 


bobenzoxylysine methyl ester benzoxylysine methyl] ester 
VII. a-Carbobenzoxyglycyl-e- XII. a-Hippuryl-e-carbo- — 
carbobenzoxylysylglycine benzoxylysylglycine 
ethyl! ester ethyl ester 
VIII. a-Carbobenzoxyglycyl- XIII. a-Hippuryllysylglycine 
e-carbobenzoxylysyl- ethyl ester hydro- 
glycineamide chloride 
+— IX. a-Glycyllysine methyl ester | XIV. a-Hippuryl-e-carbo- 
dihydrochloride benzoxylysineamide 
-—>X. a-Carbobenzoxyglycyl-e- —XVI. a-Benzoyl-e-carbobenzoxy- 
carbobenzoxylysineamide lysineamide 


XV. e-Carbobenzoxylysine- «<> XVII. a-Benzoyllysineamide 
amide hydrochloride hydrochloride 


In order to prove that it is the a-amino group which forms the 
anhydride ring when benzy!] chloride is split off (11 — III), a-ben- 
zenesulfonyllysine was prepared from our e-carbobenzoxylysine 
methyl ester (V). Gurin and Clarke (5) obtained this compound 
from the partial hydrolysis of e-benzoyl-a-benzenesulfonyllysine. 
Through the kindness of these authors we were able to compare 
the two preparations and identify them as the same compound. 

When acylated lysine peptides were subjected to the action of 
papain, it was found that those with the e-amino group free be- 
haved like the simpler peptide derivatives, such as benzoylglycyl- 


A 
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l-leucylglycine, reported in the preceding paper (6). In a-hip- 
puryllysylglycine ethyl ester hydrochloride (XIII) one peptide 
linkage was split, and the isolation of hippuric acid from the 
products proved that this one was that linkage between the 
hippuryl and lysylglycine ester residues. The simplest lysine 
derivative of this nature, a-benzoyllysineamide hydrochloride 
(XVII), was also split, forming a-benzoyllysine. These examples 
showed that in simple acylated lysine peptides the splitting occurs 
next to the acylamino group, exactly as in the simple monoamino 
acid peptides, described in the preceding paper, which have no 
free eamino group. Lysine is combined in these peptides exactly 
as it is in natural proteins. 

When, however, the e-amino group of the lysine residue within 
the peptide is also acylated, the behavior of the peptide with 
papain becomes quite different. Such a compound, a-hippuryl-e- 


CH2-NH -Cbzo 
(CH2)s 


C,H,-CO-NH-CH,-CO  NH-CH-CO | NH, 


A B 
XIV 


carbobenzoxylysineamide (XIV), is split in two places: the amide 
linkage (B) and the peptide linkage (A). e©Carbobenzoxylysine 
and hippuric acid were isolated as products. The very similar 
compound, a-carbobenzoxyglycyl-e-carbobenzoxylysineamide (X) 
was split in the same manner, and a ,e-dicarbobenzoxylysineamide 
was hydrolyzed by papain, too. In contrast, ecarbobenzoxy- 
lysineamide was not attacked by the enzyme. It thus appears 
that the ecarbobenzoxy group is responsible for an additional 
hydrolysis at the amide linkage (7.e., B) and that it is effective only 
when the a-amino group of lysine is acylated. 

Furthermore, it becomes apparent that in (XIV) and similar 
compounds the presence of the acylated -amino group makes the 
rate of hydrolysis much greater at Bthanat A. Thus, from (XIV) 
there is first formed a-hippuryl-e-carbobenzoxylysine which is 
split again by papain at A. If the rate of hydrolysis were greater 
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at A than at B, ecarbobenzoxylysineamide would result and no 
further splitting would occur. 

The influence of the acylation of the basic lysine side chain on 
the enzymic hydrolysis seems not to be restricted to papain. 
Gurin and Clarke (5) found that the benzenesulfonylation of 
gelatin, blocking the free amino groups of lysine, inhibits its 
digestion by pepsin. | | 

The experiments reported in this and the preceding paper make 
it possible to draw some preliminary conclusions with regard to 
papain specificity, and to compare the latter with the specificity of 
peptidases. Aminopeptidase, carboxypeptidase, and dipeptidase 
need in addition to a peptide bond a free amino group or a free 
carboxyl group or both. Thus, their action is restricted to the 
ends of peptide chains. Papain (7.e., the component of natural 
papain which is effective on our peptide substrates) does not split a 
peptide linkage next to a free a-amino group and does not need a 
free a-carboxyl group. What it does need is another peptide 
linkage besides the one which is to be hydrolyzed. These two 
necessary peptide linkages are to be found throughout a peptide 
chain; thus, hydrolysis with papain is not restricted to the ends of 
the chains. 

On the other hand, our experiments show that each peptide 
linkage does not have the same behavior towards our papain 
component, the splitting rate of each being decisively influenced 
by the nature of the side chains of the amino acid residues involved. 

Since this influence of side chains should be effective not only 
on our papain component but on all proteinases, it is necessary to 
continue its investigation. 


We wish to thank Dr. A. Elek who kindly performed the ele- 
mentary microanalyses reported in this paper. 


EXPERIMENTAL 


a ,e-Dicarbobenzozry-l (+ )-Lysine—25 gm. of l-lysine dihydro- 
chloride were dissolved in 171 ec. of 2 N NaOH, and coupled with 
60 gm. of carbobenzoxy chloride with 142 ec. of 4 N NaOH. All 
reagents were thoroughly cooled and the coupling done at 0°, with 
shaking, and in four portions. The resulting liquid (the sodium 
salt of dicarbobenzoxylysine often formed as an oil) was acidified 
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with hydrochloric acid and the product taken up with ether. It 
was purified by extracting with aqueous potassium bicarbonate 
and transferring to fresh ether. An almost colorless syrup was 
left when the solvent was removed in vacuo. This was quite 
soluble in ether and was therefore the most convenient form when 
the chloride was next to be made. Yield, 45 gm. 

By further purification, a repeated extraction, and transfer to 
ether, dicarbobenzoxylysine could be obtained as minute needles 
forming spongy masses. The yield in both cases was almost the 
theoretical. The substance was recrystallized from ethyl acetate 
for analysis. M.p., 150°. 


Calculated. C 63.7, H 6.3, N 6.8 
414.2 Found. 6.F 


--Carbobenzory-a-Carboryl-l-Lysine Anhydride—45 gm. of a,e 
dicarbobenzoxy-l-lysine (syrup) were dissolved in 175 ce. of dry 
ether and cooled to 0°. 26 gm. of powdered phosphorus penta- 
chloride were added and the resulting mixture was shaken, with 
cooling (about 10°), for 20 to 30 minutes, when most of the solid 
had disappeared. After being filtered, the solution was quickly 
concentrated in vacuo, 40—50°, with careful exclusion of moisture. 
Ethyl acetate was twice added and distilled off 7m vacuo (50°). 
The product, crystallized from ethyl acetate and petroleum ether, 
weighed 28.1 gm. Yield, 85 per cent of the theoretical (calculated 
from l-lysine dihydrochloride). M.p., 100° with decomposition. 
After standing several months, the melting point may rise even 
above 250°; we believe this to be due to polymerization as the 
composition remains unchanged. 


CisHisN2O;. Caleulated. © 58.8, H 5.9, N 9.2 
306.1 Found. “ 58.8, 5.9, 9.1 


-Carbobenzory-l-Lysine—15.7 gm. of ecarbobenzoxy-a-car- 
boxyl-l-lysine anhydride were dissolved in 75 ec. of acetone. 20 ce. 
of 5 Nn HCl were added and the solution was allowed to stand over- 
night at room temperature. It was then concentrated in vacuo, 
the crystalline mass dissolved in 75 ec. of N HCl, and the solvent 
again removed in vacuo. The e-carbobenzoxylysine was finally 
dissolved in hot water and precipitated as needles by making the 
solution slightly ammoniacal. Yield, almost quantitative. 


Bergmann, Zervas, and Ross 251 


For analysis it was recrystallized from hot 50 per cent ethyl 
aleohol. M.p., near 255°. 


(a]® = (40.40° x 2.500)/(1 X 1.02 X 0.070) = +14.0° (in water with 2 
molecular equivalents of HCl) 
Cy4HeoN2O4. Caleulated. C 60.0, H 7.2, N 10.0 
280.1 Found. ** 59.9, ** 7.1, ** 10.1 


e-Carbobenzory-l-Lysine Methyl Ester Hydrochloride—23.1 gm. 
of e-carbobenzoxy-a-carboxyl-l-lysine anhydride were dissolved in 
15 ec. of absolute methyl] alcohol, and 151 ce. of N HCl in methyl 
aleohol were added. On warming to 50°, evolution of carbon 
dioxide began. ‘The reacting solution was allowed to stand over- 
night, after which it was concentrated in vacuo, 40—50°. Crystal- 
lization occurred when the resulting oil was scratched in the pres- 
ence of alittle ether. Yield, 24.5 gm., 98 per cent of theory. 

After recrystallization from hot acetone, ecarbobenzoxy-l- 
lysine methyl ester hydrochloride formed long prisms melting at 
117°. 


Calculated. 54.4, 7.0, N 8.5 
330 .7 Found. 54.4, 7.1, 8.4 


e-Carbobenzoxylysineamide Hydrochloride—2 gm. of the above 
ester were converted into the amide by standing 2 days in ammo- 
niacal methyl alcohol which was saturated at 0°. After recrystal- 
lization from methyl alcohol, the product formed fine needles 
melting at 203°. 


Cy4Ho2N;0;Cl. Caleulated. C 53.2, H 7.0, N 13.3 
315.7 Found. 


a-Hippuryl-e-Carbobenzory-l-Lysine Methyl Ester—The ether 
solution of the free ester from 6.0 gm. of ecarbobenzoxylysine 
methyl ester hydrochloride prepared with potassium carbonate (7) 
was dried over NagSO, and diluted with an equal volume of ethyl 
acetate. Then a suspension in dry ether of 2.0 gm. of hippuryl 
chloride was added in two portions. On shaking, much of the 
chloride went into solution, followed by immediate formation of 
e-carbobenzoxylysine methyl ester hydrochloride as long needles. 
After 1 to 2 hours the erystalline ecarbobenzoxylysine ester 
hydrochloride was recovered by filtering, several ce. of pyridine 
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were added to decompose any excess hippuryl chloride, and the 
solution was washed with dilute HCl, water, aqueous KHCQs, and 
water, and dried. On concentrating in vacuo, the product formed 
as white and fluffy crystalline aggregations. The yield of the 
coupling product was 2.2 gm. (52 per cent of theory), and of recov- 
ered ester hydrochloride, about 50 per cent of the starting product. 

a-Hippuryl-e-carbobenzoxylysine methyl ester may be recrystal- 
lized from ethyl acetate for analysis. M.p., 145°. 


C'aleulated. C 63.3, H 6.4, N 9 2 
455.2 Found. 63.5, 6.4, 9.1 


a-Hippuryl-e-Carbobenzory-l-Lysine Hydrazide—3.5 gm. of a- 
hippuryl-e-carbobenzoxy-l-lysine methyl ester were dissolved in 
15 ec. of hot methyl] alcohol, and 0.96 cc. of hydrazine hydrate was 
at once added. After standing overnight, a heavy precipitate 
of the hydrazide had formed; yield, 3.4 gm. (97 per cent of theory). 
When the product was recrystallized from methyl alcohol, the 
melting point was 195°. 


Cy3H2O;N;5. Calculated. C 60.6, H 6.4, N 15.4 
455.2 Found. 60.6, 6.4, 15.4 


a-Hippuryl-e-Carbobenzoxry-l-Lysylglycine Ethyl Ester—3.7 gm. 
of a-hippuryl-e-carbobenzoxylysylglycine hydrazide were dissolved 
in 35 ec. of water and 25 cc. of acetic acid with gentle warming. 
The resulting solution was cooled to 4°, whereupon it became very 
cloudy, although no crystals formed. There was then slowly 
added an aqueous solution of 0.61 gm. of sodium nitrite. The 
oily masses of azide which formed were extracted into about 50 ce. 
of ice-cold ethyl acetate. This solution was now quickly washed 
several times with ice water, with cold aqueous KHCOs, and with 
water, and dried over Na.SO;. Previously an ethyl acetate solu- 
tion of the free ester from 4.0 gm. of glycine ethyl ester hydro- 
chloride had been prepared and dried with Na2SOQ,y. The ester 
and azide solutions were combined and concentrated tn vacuo. 
After standing overnight, 1.8 gm. of very fine needles were 
obtained. 

For analysis, a-hippuryl-e-carbobenzoxylysylglycine ethyl ester 
was twice recrystallized from acetone. M.p., about 163°. 


Co7HysNsO;. Calculated. C 61.5, H 6.5, N 10.6 
526.2 Pound. 61.5, 6.4, 10.5 
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a-Hippuryl-l-Lysylglycine Ethyl Ester Hydrochloride—1.25 gm. 
of a-hippuryl-ecarbobenzoxylysylglycine ethyl ester, recrystal- 
lized from acetone, were dissolved in ethyl alcohol and hydro- 
genated in the customary manner with palladium black in the 
presence of at least 1 molecular equivalent of HCI (ethyl alcoholic). 
After the hydrogenation was complete, the filtered solution was 
concentrated in vacuo (40-45°) to an oil which was redissolved in 
ethyl alcohol, the solution being again concentrated. The result- 
ing syrup, after standing overnight under ether, could be crystal- 
lized into indiscriminate forms by scratching with a glass rod. 
The product could not be further purified by recrystallization ; 
it melted very unsharply between 123--133°. 


fa], = (—0.67° & 1.0503)/(0.5 X 1.02 X 0.0452) = —30.5° (in water) 
CioH2oN,O;Cl. Caleulated. C 53.2, H 6.8, N 13.1 
428 .7 Found. 63.1, 6.9, 13.2 


Papain Hydrolysts—F¥rom the hydrolysate solution, 93 per cent 
split, 140 mg. (87 per cent of the theoretical) of hippuric acid were 
isolated. M.p., 187°. 


CoH»NO;. Calculated. C 60.3, H 5.0, N 7.8 
179 Found. 60.4, ** 5.2, 7.8 


a-Hippuryl-e-Carbobenzory-l-Lysineamide—2.2 gm. of a-hip- 
puryl-e-carbobenzoxy-l-lysine methyl ester were converted into 
the amide with methyl alcoholic ammonia. After two recrystal- 
lizations from methy] alcohol, the yield was 1.5 gm. and the prod- 
uct melted at 209°. 


C23;3HosN .Os. Calculated. C 62. 


7, H6.4, N 7 
440.2 Found. * 5, 


6 12. 
* 193 

Papain Hydrolysis—As this substrate was insoluble in water, 
the hydrolysis mixture was shaken throughout the experiment, 
and representative samples for analysis were taken before settling 
had occurred. After 190 hours there was no apparent decrease in 
the amount of solid phase present. However, there had been an 
increase in titration corresponding to two carboxyl groups and in 
nitrogen, by the Van Slyke procedure, equal to more than one 
amino group (Table II), the excess being attributable to liberated 
ammonia. At the end of the experiment the solid was allowed to 
settle; in the clear supernatant liquid there was a decrease in 


* 


TABLE II 
Papain Hydrolysis of Lysine Peptides 


Time | Titra- | Van , 
Substrate at 40° tion | Slyke Product isolated 


hrs. (per cent\per cent 


a-Hippuryllysylglycine ethyl 5.0 50 
ester hydrochloride 24 77 
48 93 | Hippuric acid, 87% 
a-Benzoyllysineamide hydro- 4.6 55 
chloride 22 83 25 
45 104 
a-Hippuryl-e-carbobenzoxy- 5.3, 26 
lysineamide 22 77 56 


96 168 | 109 | e-Carbobenzoxylysine 
111 180 and hippuric acid 


a-Carbobenzoxyglycyl-e-car- 3.2; 30 20 


bobenzoxylysineamide 22 130 92 
46 189 | 135 | e-Carbobenzoxylysine 
70 206 and carbobenzoxy- 


93 214 | 153 glycine 


e-Carbobenzoxylysineamide 


hydrochloride 
Sample 1 2.0) —5 
24 —3 
47 +1 
50 4 
98 2 
Dicarbobenzoxylysineamide 
hydrochloride 
Sample 1 2.3) 9 
19 12 
44 27 
72 46 
117 52 
170 
5.0 7 
28 18 
75 40) 
167 49 


In every experiment the solution contained for each cc. of volume 0.05 
cc. of substrate, 0.1 cc. of 0.2m disodium citrate buffer (pH 5.0), and 0.2 ce. 
of an HCN-activated papain solution prepared according to Grassmann (8). 
The liberated carboxyl was determined by the method of Grassmann and 
Heyde (9) and the amino nitrogen after Van Slyke with the Van Slyke-Neill 
apparatus (10). For each substrate a blank was performed under the same 
conditions but with no enzyme to insure absence of hydrolysis without 
papain. Theexperimental treatment of the hydrolysates and the isolation of 
the products are presented along with the synthesis of the substrate in the 
experimental section. 


254 


| 48 | 123 | 88 | 
141 | 208 | | 
| 187 | 220 | 155 | 
117 | 222 | 157 | 
| | | 
| | 
| 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| 
| 
| | 
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titration equal to 91 per cent (220 — 129) of one carboxyl group 
and nitrogen (Van Slyke) equal to 97 per cent (155 — 58) of one 
amino group. 

The solid was filtered off and crystallized by making its solution 
ammoniacal in N HCl. Its melting point was 250° with sintering 
(known melting point of e-carbobenzoxylysine, 255°), and the yield 
(127 mg.) was 70 per cent of the theoretical for -carbobenzoxy- 
lysine. 


[a]? = (4+0.21° X 1.7493)/(0.5 X 1.02 X 0.0482) = +14.5° 
= (+0.44° x 1.7493) /(L X 1.02 0.0482) = +15.6° 
CisH2oN.Oy. Calculated. C 60.0, H 7.2, N 10.0 
280.1 Found. ** 59.9, “ 7.2, * 10.3 


The filtrate was concentrated in vacuo and acidified with hydro- 
chloric acid. Formation of long needles began at once; m.p., 187° 
(known for hippuric acid, 187°; mixed melting point, 186—187°). 
The yield (96 mg.) corresponded to 68 per cent of the theoretical 
for hippurie acid. 


CoH yNO;. Caleulated. C 60.3, H 5.0, N 7.8 
179 Found. 60.2, 5.1, 8.0 


Methyl Ester—To 
the ethyl acetate-ether solution of the free ester from 3.2 gm. of 
e-carbobenzoxylysine methyl ester hydrochloride was added with 
shaking 1 gm. of recrystallized carbobenzoxyglycyl chloride. The 
formation of crystalline -carbobenzoxylysine methyl! ester hydro- 
chloride occurred, and the mixture was allowed to stand 5 minutes. 
Then it was shaken simultaneously with another 1 gm. portion of 
carbobenzoxyglycyl chloride and an aqueous solution of 1.22 gm. 
of K,CO3, whereupon the solid ester hydrochloride disappeared. 
When it had been shaken 15 minutes, 1 ce. of pyridine was added 
to the solution to decompose any excess chloride, and then it was 
washed with HCl, aqueous KHCO;, and water. On concentrating 
in vacuo, clusters of long needles formed. These were recrystal- 
lized from methyl alcohol and ether. The yield, 3.8 gm., corre- 
sponded to 88 per cent of that calculated for the carbobenzoxy- 
glycyl chloride used. 

An alternate procedure involved the coupling of carbobenzoxy- 
glycyl chloride with ecarbobenzoxylysine in an aqueous alkaline 
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medium. The acid thus obtained was methylated with diazo- 
methane and gave an ester identical with that from the first 
method. The yield was about 50 per cent. 

The methyl ester of a-carbobenzoxyglycyl-e-carbobenzoxylysine 
was recrystallized from ethyl acetate and ether; it formed needles 
melting at 97°. 


n~ 


CysHsiN;O7. Caleulated. C 61.8, H 6.4, N 8.7 
485 .2 Found. 


a-Glycyl-l-Lysine Methyl Ester Dihydrochloride—2 gm. of a-car- 
bobenzoxyglycyl-e-carbobenzoxylysine methyl ester were hydro- 
genated in the usual manner with palladium black in the presence 
of 5.5 ec. of 2 N HCl in methyl aleohol. The resinous oil which 
resulted from evaporating the solution in vacuo crystallized as 
long needles after standing 10 days under ether. The yield was 1 
gm. M.p., about 177° with sintering. 


fa]= = (—0.97° & 2.0476)/(1 X 1.02 X 0.0816) = —23.9° (in water) 
Calculated. C 37.2, H 7.3, N 14.5 
290 .2 Found. 7a," 44 


a-Carbobenzoxryglycyl-e-Carbobenzoxy-l-Lysineamide—A_ solution 
of 1.5 gm. of a-carbobenzoxyglycyl-e-carbobenzoxylysine methyl 
ester in methyl alcohol was saturated with ammonia at 0° and 
allowed to stand 2 days at room temperature. Then it was con- 
centrated in vacuo, and the product crystallized from methyl 
alcohol with ether. Yield, 1.3 gm. For analysis this amide was 
dissolved in methyl alcohol and slowly thrown out by ether as 
spongy, crystalline masses. The melting point was unsharp, 
130-134°. 
CosHgoNsOc. Calculated. C 61.3, H 6.4, N 11.9 
470 .2 Found. 61.3, 6.3, 11.9 


Papain Hydrolysis—This substrate was treated in exactly the 
same manner as a-hippuryl-e-carbobenzoxy-l-lysineamide. The 
removal of the solid phase after hydrolysis resulted in a decrease 
of 104 per cent (222 — 118) in liberated carboxyl and of 100 per 
cent (157 — 57) in amino nitrogen. 

The recovered e-carbobenzoxylysine melted at 254° after reerys- 
tallization from N HCl and ammonium hydroxide. 


a 
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= (40.10° X 0.1750)/(0.5 X 1.02 0.00226) = +15.2° 
CisH2oN204. Calculated. C 60.0, H 7.2, N 10.0 
Found. 


In the hydrolysate after concentration colorless needles formed, 
which melted at 116° (known melting point of carbobenzoxy- 
glycine, 120°) and gave no depression in a mixed melting point 
determination with the latter. 

Hydrazide—To a 
warm methyl alcoholic solution of 4.9 gm. of a-carbobenzoxy- 
glycyl-e-carbobenzoxylysine methyl ester was added 0.8 ec. of 
hydrazine hydrate. After standing overnight, crystalline aggre- 
gations of the corresponding hydrazide had formed. Yield, 4.5 
gm. This hydrazide was reerystallized from methyl alcohol. 
M.p., 167°. 


CosH Calculated. C 59 .4, H 6.4, N 14.4 
485.2 Found. “59.6, 6.5, 14.3 


Ethyl Ester— 
This reaction was carried out similarly to the preparation of 
e-carbobenzoxy-a-hippuryl-l-lysylglycine ethyl ester. 1.9 gm. of 
a-carbobenzoxyglycyl-e-carbobenzoxylysine hydrazide, dissolved 
in 10 ce. of acetic acid and 20 ce. of water, were treated with a 
solution of 0.3 gm. of sodium nitrite. The oily azide which formed 
was taken up with ethyl acetate, and after washing and drying was 
combined with an ether solution of the ester from 2.2 gm. of glycine 
ethyl ester hydrochloride. The formation of flocculent crystalline 
aggregates soon began. After standing overnight, these were 
removed and the solution washed with HCl, aqueous KHCOs, and 
water, and concentrated in vacuo. The crystalline deposit from 
this, similar to the solid above, was combined with it, making a 
total yield of 1 gm. After recrystallization from ethyl acetate 
and petroleum ether, this product melted at 146°, beginning to 
sinter at 140°. 


CosHseN.Os. Calculated. C 60.4, H 6.5, N 10.1 
556 .3 Found. 60.8, 6.6, 9.8 


a-Carbobenzoryglycyl- e- Carbobenzory-l- Lysylglycineamide—This 
amide was prepared from the corresponding ester in the usual 
manner; it formed a spongy crystalline mass melting at 90-95°. 
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CosH33N;0O7. Caleulated. C 59.3, H 6.3, N 13.2 
529.3 Found. 69.1, 6.5, 12.9 
‘13.2 


a-Benzoyl-e-Carbobenzoxy-l-Lysineamide—The ester correspond- 
ing to 3.3 gm. of e-carbobenzoxylysine methyl ester hydrochloride 
was coupled with 1.2 gm. of benzoyl chloride in two portions, 
K.CO;3 being used to remove the liberated HCl. This method 
has been described for a-carbobenzoxyglycyl-e-carbobenzoxy-l- 
lysine methyl ester. The product, a-benzoyl-ecarbobenzoxy- 
lysine methyl ester, was a resinous oil. The yield was 3.3 gm. 
Without further purification, this oil was converted into the amide 
by the usual procedure; 7.e., a solution in methyl alcohol was 
allowed to stand 24 hours with excess ammonia. Upon removing 
the solvent 7m vacuo, colorless crystals formed. These were 
recrystallized from methyl alcohol with a little ether. M.p., 
172-173°; yield, 3.0 gm. 


Co,HesN30s. Caleulated. C 65.8, H 6.6, N 1 
383.2 Found. 65.9, 6.6, “ 1 


1.0 
1.2 
a-Benzoyl-l-Lysineamide Hydrochloride—2 gm. of the recrystal- 
lized a-benzoyl-e-carbobenzoxy-l-lysineamide were hydrogenated 
with palladium black in methyl alcohol. 6.4 cc. of N HCl in 
methyl alcohol were present in the solution. The product, after 
concentration, was an oil which resisted crystallization. Finally, 
it was left in a good vacuum over P.O;. After 24 hours it had 
formed an inflated mass of thin films, which on being broken up 
gave the illusion of being crystalline plates. This form of the 
product also would not crystallize; it was very hygroscopic and 
therefore did not give a good analysis after being washed with ether 
and dried. 


Calculated. C 54.6, H N 14.7 
285.7 Found. ** 53.2, “* 7.2, “ 14.0 


a-Benzenesulfonyl-e-Carbobenzoxy-l-Lysine Methyl HEster—An 
ether solution of the ester from 10.0 gm. of ecarbobenzoxylysine 
methyl ester hydrochloride was diluted with an equal volume of 
ethyl acetate, and 2.5 gm. of benzenesulfonyl chloride were added. 
Soon the formation of needles of the ester hydrochloride began. 
After 24 hours this precipitate was filtered off, and the solution was 
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washed with HCl, aqueous KHCO;, and water, and dried. On 
evaporating in vacuo, an oil formed which readily crystallized. 
Yield, 5.0 gm. 

This product formed beautiful clusters of long hair-like needles 
when it was recrystallized from ether-petroleum ether. M.p., 
80°. 

Calculated. C 58.0, H 6.0, N 6.5 


a-Benzenesulfonyl-l-Lysine—3.5 gm. of a-benzenesulfonyl-e- 
carbobenzoxy-l-lysine methy] ester were hydrolyzed with the theo- 
retical amount of N NaOH. After standing overnight, the alka- 
line solution was acidified; it deposited an oil which was taken up 
with ether. The product was extracted from the ether with 
aqueous KHCOs, transferred to a fresh solution, and concentrated 
in vacuo to a resinous oil. Yield, 3.2 gm. 

This oil was at once hydrogenated in a water-methyl alcohol 
solution acidified with HCI; palladium black was used as catalyst. 
When the hydrogenation was over, the solution was concentrated 
in vacuo, dissolved twice in water, and the water distilled off. A 
thick, aqueous solution resulted; it deposited well formed, wedge- 
shaped prisms when made barely ammoniacal. The yield was 1.8 
gm., corresponding to 8Q per cent of the theoretical calculated 
from 3.5 gm. of ester. 

This a-benzenesulfonyllysine, reerystallized from 50 per cent 
alcohol, melted at 277° with decomposition. The product of 
Gurin and Clarke, we found, melted also at 277° with decomposi- 
tion; a mixed melting point with the two gave no depression. 


Calculated. C 50.3, 6.3, 
286.1 Found. 50.3, 6.4, 9.9 


The specific rotation of a-benzenesulfonyllysine depends upon 
the relative amount of base present. ‘Since 0.0990 N NaOH was 
used as solvent in the following determinations, there was 1 molec- 
ular equivalent of sodium hydroxide in the first, and 2 in the 
second. 


(1) = (—0.27° 3.8584) /(1 1.02 0.1060) = — 9.6° (1 mole NaOH) 
(2) = (—0.32° 3.7993) /(1 & 1.02 0.0530) = —22.5° (2 moles NaOH) 


z 
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Dicarbobenzory-l-Lysineamide—4.1 gm. of l-lysine dihydrochlo- 


ride were converted into dicarbobenzoxylysine, methylated with 
diazomethane, and allowed to stand overnight in a methyl alcoholie 
solution saturated with ammonia. The product formed aggrega- 
tions of long needles which melted at 155°. 


CoesH27N30;5. Calculated. C 63.9, H 6.6, N 10.2 
413.2 Found. 64.0, 6.5, 10.2 
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Some years ago it was shown by the author that the degree of 
unsaturation of the fatty acids in the phospholipids in various 
tissues of the cat (1930) and of the rat (1931, 1932, b) is governed 
to a pronounced and uniform extent by both the character and the 
amount of the fat in the diet. Subsequently an extensive study 
of the rate at which the unsaturation of the phospholipid fatty 
acids changed in response to a change in the nature of the food fat 
(Sinclair, 1932, a) led to the conclusion that the effect of the latter 
on tissue phospholipids could not be explained by the hypothesis 
that the fatty acids of food fat were built into the phospholipids 
of the tissues as a stage in their combustion. Rather it appeared 
that the unsaturated acids in the food fat were preferentially taken 
up by tissue phospholipids for some purpose other than the com- 
bustion of these acids or the repair of wear and tear. As a step 
towards the understanding of what that purpose is and the mecha- 
nism involved it was decided to attempt an approximate frac- 
tionation of the phospholipid fatty acids. It was hoped that it 
would thus be possible to determine which fatty acids replaced 
which when the unsaturation changed from one characteristic 
level to another. 

EXPERIMENTAL 


Macrofractionation of Fatty Acids' 


The method of fractionation chosen involved the separation of 
the mixed acids into saturated and unsaturated acids by the 


''This part of the work was reported before the American Society of 
Biological Chemists at Philadelphia, April, 1932 (Sinelair, R. G., J. Biol. 
Chem., 97, xxxiv (1932)). 
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Twitchell lead salt-aleohol procedure (1821) and further separation 
of the unsaturated acids by application of the differential solubility 
of their bromine addition products in petroleum ether and ethyl] 
ether. 

It soon became apparent, both from our own observations and 
the contemporaneous experiences of Dr. Snider of this laboratory 
(see Snider and Bloor, 1933), that fractionation of the bromides 
was not alone a satisfactory method of measuring the relative 
amounts of oleic, linoleic, and polyunsaturated acids in the mix- 
ture. Accordingly that phase of the project was discontinued. 
However, the results obtained in the preliminary experiments, as 
given below, reveal some very interesting points which ought to be 
further studied by more satisfactory methods. 

Since the objective was to determine the relative proportions of 
the various fatty acids in phospholipids of different characteristic 
degrees of unsaturation, the phospholipids analyzed were obtained 
from two or more adult rats which had been raised on various 
previously standardized diets. The total lipids of the whole 
animal, less the hide, head, and gastrointestinal tract, were ex- 
tracted and separated into acetone-insoluble and acetone-soluble 
fractions according to the procedure previously described (Sinclair, 
1930). Each fraction was saponified and the fatty acids extracted 
from the acidified mixture with petroleum ether. In most experi- 
ments, the amounts employed, both of phospholipid and neutral 
fat fatty acids, were in the neighborhood of 3 gm. 

After removal of an aliquot for determination of the amount 
and iodine number (Hanus), the bulk of the phospholipid fatty 
acids in petroleum ether was poured into 200 ee. of acetone in 
order to remove the contaminating unsaponifiable material 
(Sinclair, 1931; Snider and Bloor, 1933). The fatty acids of the 
neutral fat fraction, since they contained no acetone-insoluble 
material, were dissolved directly in alcohol after removal of the 
petroleum ether. The flocculent precipitate? was centrifuged 
down, washed with acetone, transferred to a tared flask, and dried 
and weighed. The clear acetone solution of the fatty acids was 
evaporated under reduced pressure, transferred to a flask with 100 
cc. of 95 per cent ethyl alcohol, and heated to boiling. 0.5 gm. of 


2 The combined effect of concentration and heat was sometimes neces- 
sary to induce flocculation, 
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lead acetate for each gm. of fatty acids was dissolved in 100 ce. of 
boiling aleohol and added to the fatty acid solution. 

The solid soaps were allowed to separate out at 15—-16°, dissolved 
in 100 ee. of fresh alcohol, and again allowed to separate. They 
were then decomposed with 10 per cent hydrochloric acid and the 
fatty acids extracted with ethyl ether. The ether solution was 
washed free from lead and acid, dried with Na2SOx,, and evaporated 


TABLE I 


Relative Proportions of Solid and Liquid Fatty Acids in Phospholipids and 
Neutral Fat of Rats Raised on Various Diets 


Distribution of fatty acids I No. 
Basesi- I No. of Cor- 
fatty. Acetone Solid | Liquid Solid | Liquid 
acids material acids acids age acids | aci 
acids 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
per cent | per cent | per cent 

Phospholipid l-a 104 8.7 | 27.9) 63.5) 30.6) 10.6 153 
fatty acids 2-a 136 8.2; 29.1] 62.1) 31.8 209 
3-a 136 9.2 27.0 61.0 29.7 8.0) 213 
4-0 | 137 | 9.1 | 25.8] 59.5| 28.4| 12.8) 217 
5-a 139 8.8 29.9 61.6 |) 32.8 8.0, 214 
6-a 156 7.6 25.2 | 64.3 27.3 233 
7-a 160 10.5 27.7 60.4 31.0 10 3 250 
S-a 160 10.0 26.8 61.5 29.8 10.6} 246 
9-a 165 6.5 27.5 | 63.1 29.5 11.2) 246 

8.7 | 27.4); 61.9! 30.1 9.9 

Standard deviation.......... +1.4) 41.5) +1.6 |} +1.6 
Neutral fat | 2-b 58 None, 38.2) 62.0 6.4) 93 
fatty acids 3-b SS 27.8 68.3 8.1) 124 
6-b 103 ” 16.1 83.6 14.8) 120 
8-b 110 16.8 | 81.2 13.7, 132 


to dryness under COs. After the material was weighed, a sample 
was taken for determination of the iodine number. 

The combined alcoholic solutions of the liquid soaps were treated 
with COz to remove part of the lead, and then concentrated under 
reduced pressure. The liquid soaps were dissolved in petroleum 
ether, washed free of lead and acid, dried with Na2SO,, and trans- 
ferred to a 50 ec. volumetric flask. A 5 ce. aliquot for determina- 
tion of weight and iodine number was then removed. 


a 
| 
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Table I gives the percentage distribution and iodine numbers of 
the solid and liquid acids in phospholipid fatty acids ranging in 
iodine numbers from 104 to 165. In Column 7 are given the 
corrected percentages of solid acids, calculated by subtracting the 
percentage of acetone-insoluble material from 100 and dividing 
into the found percentage of solid acids. This gives a more 
correct value for the relative percentages of solid and liquid acids. 

The remaining nine-tenths of the liquid acid solution was trans- 
ferred to a weighed 100 ce. centrifuge tube and chilled to —15°. 
A solution of bromine (50 per cent excess) in petroleum ether was 


TABLE II 
Fractionation of Bromine Addition Products of Unsaturated Fatty Acids 


Bromides per 100 gm. of liquid acids 


No. acids 


Weight Bromine Weight Bromine Weight Bromine 


content content content 
| gm. per cent gm. per cent gm. per cent 
Phospholipid | l-a | 153 | 121.2 47.7 32.2 | 62.2 
fatty acids | 2-a 209 93.1 | 37.2 | 69.0; 68.1 | 77.1 | 69.6 
5-a 214 76.3 | 48.1 | 101.3 60.9 63.0 | 68.7 
3-a 220 82.4 | 44.9 99 .2 65.1 
6-a 233 77.5 | 37.8 88 .0 84.4 
8-2 246 73.4 | 37.5 99.3 67.3 | 86.8 | 69.9 
9-a 246 74.0 95.5 86.9 
7-a 250 77.4 106.7) 67.1 | 88.1 
Neutral fat , 2-b 93 153.2 | 35.7 3.4 1.5 
fatty acids | 6-b 120. =141.0 | 36.4 22.7' 62.2 | 11.3 
3-b 124 144.0 | 40.3 28.3 53.6 8.1 
9.3 


70.1 


8-b | 132 | 137.2) 37.0 | 27.6, 63.6 | 1 


added very slowly. ‘The mixture was let stand at least 16 hours 
at 5° and then centrifuged. The petroleum ether solution was 
evaporated under reduced pressure (protected from light), benzene 
was added, and the solution evaporated again. ‘The pale yellow 
oily bromides were transferred with petroleum ether to a 50 cc. 
conical centrifuge tube. The solution was concentrated to 5 ce. 
and let stand at 5° for 16 hours or longer. The precipitate was 
centrifuged out and washed twice with ice-cold petroleum ether. 
The petroleum ether washings were added to the main solution of 
dibromides, which was then evaporated to dryness in a stream of 
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| 
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warm air. ‘The second crop of petroleum ether-insoluble bromides 
was combined with the first, and the whole lot stirred up with 
three 25 cc. portions of anhydrous ether and let stand each time 
at least 3 hours at 5°. The combined ether solutions were con- 
centrated to 10 cc. and allowed to stand overnight or longer at 5°. 
A precipitate settled out which was washed twice with ice-cold 
ether, and combined with the main bulk of ether-insoluble 
bromides.* 

In most cases samples of each of the three bromide fractions 
were analyzed for bromine by the method of Brown and Beal 
(1923). Table II shows the relative amounts and, where deter- 
mined, the bromine contents of the petroleum ether-soluble, ether- 
soluble, and ether-insoluble bromides obtained by brominating 
liquid acids ranging in iodine numbers from 153 to 250. 


Comments 


The most striking point brought out by the data in Table I is the 
constancy in the relative proportions of solid and liquid acids 
regardless of the mean degree of unsaturation of the mixed acids. 
On comparing Columns 3 and 7, it is evident that there is no 
tendency to shift the relative proportions of solid and liquid acids 
when the iodine number of the mixture increases. Indeed the 
percentage of solid acids is remarkably constant, the standard 
deviation amounting to only 5.3 per cent of the average, 30.1 per 
cent, and the maximum deviation being 9.3 per cent of the average. 
The shift in the iodine number of the mixed phospholipid fatty 
acids is thus due entirely to a shift in the relative proportions of 
the various unsaturated acids. 

Unfortunately the data given in Table IT are insufficient to give a 
clear picture of the nature and extent of the shifts which occur in 
the proportions of the unsaturated acids. The data given do, 
however, raise several interesting points. One is the low bromine 
content of the ether-insoluble bromides of the phospholipid fatty 
acids obtained from rats raised on a diet low in unsaturated fatty 
acids (Experiment l-a). Since even the hexabromide of linolenic 
acid (a fatty acid which has not, up to the present, been definitely 
proved to occur in the phospholipids of animal tissues) has a 


7 [ wish to thank Dr. Ruth H. Snider for suggesting this method of im- 
proving the fractionation of the bromides. 
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bromine content of 63.3 per cent, and since arachidonic and clupa- 
nodonic acids, the two most abundant polyunsaturated acids, 
yield bromides with a bromine content of 67.8 and 70.8 per cent, 
respectively, the separation of ether-insoluble bromides with a 
bromine content of 62.2 per cent is strongly suggestive of the 
presence of appreciable amounts of unidentified polyunsaturated 
acids. It is regrettable that, due to an oversight, analyses of the 
bromine content of the petroleum ether-soluble and ether-soluble 
bromides in this same experiment were not made. 

Another interesting point is that in the experiments on the 
phospholipid fatty acids of rats fed cod liver oil as the only fat 
(Experiments 2-a, 8-a, and 7-a), the ether-soluble bromides had a 
bromine content closely approximating that of octabromoarachi- 
donic acid (67.8 per cent). Since the petroleum ether-soluble 
bromides, when analyzed (Experiments 2-a, 6-a, and 8-a), had a 
bromine content approximating that of dibromooleic acid (86.1 
per cent), it would appear as though the phospholipids of these 
rats fed cod liver oil (like the phospholipids of beef suprarenals 
(Ault and Brown, 1934)) contained mainly oleic and polyun- 
saturated fatty acids. The high bromine content of the ether- 
soluble bromides is in line with the evidence that arachidonic 
acid and probably other polyunsaturated fatty acids form iso- 
meric polybromides, some of which are soluble in ether and in ben- 
zene, some only in benzene, and some insoluble in both (Rudy, 
1932; Bosworth and Sisson, 1934). 

That the bromine content of the ether-insoluble bromides ex- 
ceeds that of octabromoarachidonic acid is what one would expect, 
since cod liver oil apparently contains clupanodonic acid and other 
polyunsaturated long chain acids (Suzuki and Masuda, 1928; 
Toyama and Tsuchiya, 1934). 

In the case of the unsaturated phospholipid fatty acids of rats 
raised on the stock calf meal diet* (Experiments 3-a and 5-a), the 
bromine contents of the petroleum ether-soluble and ether-soluble 
bromides are distinctly different from those of the same two frac- 
tions in the other experiments. On the other hand they agree 
quite well with the extensive series of analyses of Snider and Bloor 
(1933) on the petroleum ether-soluble and ether-soluble bromides 
of the unsaturated fatty acids of beef liver. 


4G. L. F. calf meal (Maynard, 1930). 
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Microfractionation of Fatty Acids 


The data given in Table I, as we have seen, strongly indicated 
that the ratio of saturated to unsaturated fatty acids in phospho- 
lipids is constant regardless of the degree of unsaturation of the 
mixture, the differences in unsaturation being wholly due to differ- 
ences in the composition of the unsaturated acids. This point in 
itself seemed of such importance that further substantiation was 
deemed advisable. For this and another project to be presented 
in a later paper, it was desirable to have a method which would 
make it possible to determine the relative proportions of saturated 
(7.e. solid) and unsaturated (z.e. liquid) acids in such limited 
amounts of phospholipid fatty acids as are obtained from individ- 
ual organs of a single rat. Accordingly the micromethod outlined 
below was developed. In principle it involves the use of the 
differential solubility of the lead salts of solid and liquid acids in 
cold alcohol, as in the Twitchell macroprocedure, and the use of 
the Bloor (1928, 1929) oxidative method for determining amounts. 


Method 


Sufficient tissue to yield 30 to 40 mg. of phospholipid fatty acids 
is ground with sand, extracted, and the total lipids fractionated 
into acetone-insoluble and acetone-soluble fractions according to 
the procedure, somewhat modified, outlined by Bloor (1929) and 
Bloor and Snider (1934). The total acetone-insoluble fraction 
(not just the part soluble in moist ether) is saponified, the fatty 
acids extracted with petroleum ether, and washed with water.® 
The petroleum ether solution is made up to 50 ec. in a volumetric 
flask. Two 5 ec. aliquots are taken, one for the determination 
of the amount by the oxidative procedure, the other for the deter- 
mination of the iodine number by the Rosenmund-Kuhnhenn 
pyridine dibromide method (Yasuda, 1931-32). The factor 3.60 
is used to caleulate the weight of mixed acids from the amount of 
dichromate reduced. 

The remaining 40 cc. of the petroleum ether solution are evap- 
orated to about 2 to 3 ec. and the fatty acids are transferred to a 
15 ec. centrifuge tube with petroleum ether. This solution is 


> The emulsion which forms is drawn off with the water layer, shaken up 
with fresh petroleum ether, and centrifuged. The petroleum ether is 
drawn off with suction and added to the main extract, 
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concentrated to about 1 cc.; 6 ce. of redistilled 95 per cent alcoho! 
are added and boiled until the volume is reduced to 4 to 5 cc.; 
0.7 mg. of lead acetate for each mg. of fatty acid, dissolved in 
about 1 ce. of hot alcohol, is added. Immediately a flocculent 
precipitate forms. The nature of this is still unknown. It is 
probable that it is the same as the acetone-insoluble material 
which appears to be a constant contaminant of all phospholipid 
fatty acids (Sinclair, 1931; Snider and Bloor, 1933). The alcohol 
solution is boiled for a few minutes longer and then centrifuged 
hot. The alcohol is rapidly decanted into another 15 ec. centri- 
fuge tube. The alcohol-insoluble material is stirred up with 2 ce. 
of alcohol, the latter brought to a boil, and the tube again centri- 
fuged while hot. The aleohol is combined with the first lot. 

The alcohol-insoluble material is dissolved in chloroform, trans- 
ferred to an oxidation flask, and, after removal of the chloroform, 
oxidized with the sulfuric acid-dichromate reagent. The factor 
3.60 has been used for calculating the amount of alcohol-insoluble 
material present, even though it is recognized that the proper 
factor is undoubtedly somewhat lower. The practise is thought 
to be justified, since it gives the correct percentage value, the 
weight of the mixed acids being off to the same extent. 

The alcohol solution of the purified mixed fatty acids is now 
boiled down to a volume of 5 ec.,’ and let stand at 15-16° for at 
least 3 to 4 hours. The lead soaps of the solid acids are centri- 
fuged down.* The alcohol solution of the liquid soaps is poured 
off into a 25 ec. Erlenmeyer flask which is set away in the dark 
after the air is displaced with nitrogen. The tube is rinsed down 
with 3 cc. of alcohol, the solid salts stirred up well, and the alcohol 
boiled for a few minutes. The tube is set away for 3 to 4 hours 
longer at 15—16° and the solid soaps are again centrifuged down. 
The aleohol is added to the first lot. 


6 The alcohol is kept hot by centrifuging in a special carrier made by 
supporting, by means of a brass collar, a 15 ec. brass carrier tube inside one 
of 100 cc. capacity. The latter is filled with water. The carrier tubes are 
kept immersed in a steam bath except when being used in the centrifuge. 

7 Of late, this volume has been reduced to3 cc. Asa result the yield of 
solid acids has been appreciably increased at the cost of a somewhat higher 
iodine number. 

8 It is necessary to stop the centrifuge two or three times and agitate the 
tube gently to dislodge particles held at the alcohol-air interface. 
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The solid lead soaps are stirred up with 1 ec. of water, 4 drops of 
10 per cent hydrochloric acid, and 10’ ec. of ether and then centri- 
fuged. The ether layer is sucked off into a 60 cc. separatory fun- 
nel. The precipitate of PbCle and the water layer in the centri- 
fuge tube are again stirred up well with ether and the latter com- 
bined with the first lot. ‘The ether solution of the solid acids is 
then shaken up with water, allowed to separate, and transferred 
to a 25 ec. volumetric flask. As a rule, 10 ce. aliquots are taken 
for oxidation and the determination of the iodine number. 

The alcoholic solution of the lead salts of the liquid acids is 
evaporated on the steam bath. A gentle current of nitrogen is 
passed through the flask to aid evaporation and to minimize the 
danger of oxidation. Just as soon as the last trace of aleohol has 
evaporated, 0.5 ec. of water and about 10 ce. of petroleum ether 
are added. The flask is agitated frequently with a rotatory motion 
in order to extract the excess lead acetate and the acetic acid from 
the petroleum ether. When the latter is clear,® it is decanted 
carefully into a 25 ce. volumetric flask. The Erlenmeyer flask 
is rinsed several times with petroleum ether which is added to the 
original extract. After the extract is made up to volume, 5 cc. 
aliquots of the petroleum ether solution of the lead salts of the 
unsaturated acids are taken for oxidation and iodine number 
determinations. 


Results 


The above method has been used for the determination of the 
relative proportions of saturated and unsaturated fatty acids in the 
phospholipids in various organs of the rat and in dog blood. The 
data in Table II] give a fair indication of the consistency of perform- 
ance of the method in our hands. It will be observed, for 
example, that the analyses carried out in the phospholipids of three 
samples of blood plasma removed from the same dog (experiment 
IV) at intervals of about 2 hours agree very well with one another. 
It has been found throughout that the greatest source of error lies 


* The petroleum ether soluton of the unsaturated lead soaps must not 
be allowed to stand longer than is necessary to give complete extraction of 
the lead acetate and acetic acid. Otherwise considerable oxidation occurs 
with the resultant development of a turbidity and a decrease in the iodine 
number. 
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in the extraction and determination of the iodine number of the 
unsaturated lead soaps. However, the data of greatest signifi- 
cance are the corrected percentages of solid acids, and it is evident 
that the values found agree very well with one another. It shoud 


TABLE III 
Relative Propertions of Solid and Liquid Acids in Phospholipids of Dog 
Plasma 
Phospholipid Distribution of phenpholigtd IN 
fatty fatty acids Solid 
gm. | my. | per ceni| per cent per cent 
| 15.0 36.2) 104 | 8.3 | 35.3 | 56.1 | 99.7] 38.4) 8.4] 171 
I] | 23.3 | 48.9 | 103 | 9.9 | 34.4 | 55.4 | 99.7 | 38.2) 9.1! 172 
14.1 26.9) 108 | 9.7 | 36.2) 58.5 104.4 | 40.1 | 12.9 | 161 
32.9) 102 | 8.2 | 36.0) 55.2 99.4 | 39.2 | 12.6 | 166 
IV 86.0) 102) 5.2 | 35.4 | 59.0 | 99.6 | 37.3) 10.8 | 157 
16.6 | 32.8 100 5.5 | 35.3 60.4 101.2) 37.3) 10.5) 1538 
348 101 7.5 | 34.4 54.0 95.9 | 37.3 | 10.7 | 170 


TABLE IV 
Relative Proportions of Solid and Liquid Fatty Acids in Phospholipids of 
Various Tissues of Rat 


Liver Muscle Kidney Heart 
No. of analyses............ 13 13 12 4 
Range in I Nos. of mixed 
112-175 97-164 100-142 115-157 
Alcohol-insoluble material, 

Solid 32.042.3 | 25.742.3 | 22.041.6 | 24.2 
Liquid acids %............ 60.9+4.2 |; 68.043.0; 61.943.8 | 71.9 
Recovery of mixed acids, 

98.1+2.5 | 100.6+3.2 | 100:541.8 |101.3 
Solid acids (corrected), 33.642.3 > 27.642.7 | 26.34-:2.0 | 25.5 
I Nos. of solid acids....... 4.241.5 5.62+2.4 4.741.7} 3.5 
“ ....... 150-294 | 117-228 | 135-197 159-214 


be emphasized at this time that no claim is made as to the absolute 
accuracy of the separation of solid and liquid acids by this micro- 
method. The iodine numbers of the solid acids give an indication 
of the amount of liquid acid carried down with the solids but it is 
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difficult to say how much solid soap has remained in solution in the 
cold alcohol. The loss of solid acid has been materially reduced 
by decreasing the first volume of alcohol from 5 ce. to 3 ee., and 
the second from 3 cc. to 2 ce. It is noteworthy, too, how close 
the agreement is between the iodine numbers of the phospholipid 
fatty acids, not only in the same animal from time to time, but from 


one animal to another. 


50 
A A 
Kidney 
2 20 
x X 
20 
110 125 140 155 170 
Iodine Numbers 


Cuart I. Showing the constancy of the percentage of solid acids in mixed 
phospholipid fatty acids of widely different degrees of unsaturation. 


The average values for the percentage distribution of solid and 
liquid acids in the phospholipids in the liver, skeletal muscle, 
kidneys, and heart of rats raised on a variety of diets are given in 
Table IV. This table brings out a few points of special interest. 
One is the significantly higher percentage of solid acids in liver 
phospholipids than in those of the other organs studied. Another 
is the presence of a very considerably higher percentage of aleohol- 
insoluble material in the crude phospholipid fatty acids of kidney 
than of the other organs. 


. 
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The point of greatest importance to the problem in hand is the 
confirmation of the constancy of the relative proportions of solid 
and liquid acids in mixtures of widely different mean levels of 
unsaturation. This point is best seen in Chart I, in which the 
corrected percentage of solid acids is plotted against the iodine 
number of the mixed acids. The heavy horizontal lines represent 
the average for each organ. It is evident that, although there is 
an appreciable variation from one animal to another, nevertheless 
there is no tendency for the percentage of solid acids to change in 
any regular way with increase in the iodine number of the mixed | 
phospholipid fatty acids. It is difficult to say with certainty how 
much of the variation in the percentage distribution of fatty acids 
is due to the method and how much is due to true physiological 
variation. However, the close agreement of the data in Table 
III and the close agreement of duplicate analyses on the same 
sample of mixed phospholipid fatty acids would suggest that the 
variation is largely inherent in the individual animals. 


DISCUSSION 


The fact having been established that there is a constancy in the 
ratio of saturated to unsaturated acids in the phospholipids of 
various organs despite marked differences in both the amount and 
nature of the fat in the diet of the animal and, consequently, 
despite marked differences in the degree of unsaturation of the 
mixed acids, the problem now is to find a satisfactory explanation 
for it. The final solution of the problem appears, in the opinion 
of the author at any rate, impossible at the present time. Never- 
theless, the evidence presented in this paper, together with more 
evidence to be presented in a forthcoming paper (1935), strongly in- 
dicates that there is a high degree of selection in the utilization of 
available fatty acids for the synthesis of phospholipid, which in 
turn goes into the structural make-up of the cell. Whether the 
selection is of the fatty acids themselves or of those molecules of 
phospholipid which contain the preferred fatty acids, it is, of 
course, impossible to say, although the latter would seem to be the 
more probable. 

The terms selection and preference are used here with consid- 
erable reluctance. It is realized that such selection as does occur 
must operate through definite chemical or physical principles. 
Just what these principles are, remains for future study to reveal. 
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SUMMARY 


1. A microprocedure is described which permits the determina- 
tion of the relative proportions and the iodine numbers of solid 
and liquid acids in 30 to 40 mg. of mixed fatty acids. 

2. By use of the Twitchell lead salt-aleohol method, it has been 
shown that the ratio of solid to liquid acids in phospholipids of the 
rat is constant, regardless of the degree of unsaturation of the 
mixed acids. By use of the microprocedure, this has been shown 
to be true of the phospholipids of the@liver, skeletal muscle, and 
kidneys of the rat. 

3. Thus, differences in the degree of unsaturation of tissue phos- 
pholipid fatty acids due to the nature or amount of fat in the diet 
of the animal are the result of differences in the relative propor- 
tions of the various unsaturated fatty acids. 

4. Some analyses are given of the relative amounts and bromine 
content of petroleum ether-soluble, ether-soluble, and ether- 
insoluble bromides obtained by brominating unsaturated fatty 
acids of widely different degrees of unsaturation. 
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Thus far the only factors which have definitely been shown to 
govern the composition of the tissue phospholipids, as indicated 
by the degree of unsaturation of the mixed phospholipid fatty 
acids, are the amount and the nature of the fat in the diet. The 
relationship between the amount of ingested fat and the unsatura- 
tion of the phospholipids in the careass of the rat is expressed by 
the equation 


I No. of phospholipid fatty acids = a X logio amount of fat per day + b 


in which a and 6 are constants. The relationship between the 
nature of the food fat and the unsaturation of the phospholipids, 
on the other hand, is not quantitative, at least in so far as the 
nature of the fat is expressed by its iodine number. Thus, olive 
oil and linseed oil, although of very different iodine numbers, have 
apparently the same effect on the degree of unsaturation of the 
phospholipids. Conversely, linseed oil and cod liver oil have 
approximately the same iodine number and yet the latter has a 
considerably greater effect on the iodine number of phospholipid 
fatty acids (Sinclair, 1931, 1932, b). 

It is certain, however, that other factors besides food fat exert 
an influence on the composition of the tissue phospholipids. 
Their nature is still unknown, At least one appears to be inherent 
in the individual tissues or organs, since there are definite differ- 
ences in the degree of unsaturation of both the mixed and the 
unsaturated fatty acids from one organ to another in the same 
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animal (Bloor, 1927, 1928; Sinclair, 1935). The importance of 
factors inherent in the tissues has been strikingly demonstrated 
by the fact that the degree of unsaturation of the phospholipids 
in tumors is much lower than that of the phospholipids in the 
muscles of the host (Haven, 1935). 

The experiments in this present paper were carried out in order 
to obtain further information concerning the exogenous factors— 
and thereby to lay the foundation for the study of the endogenous 
factors—which govern the composition of tissue phospholipids, 

Experiment 1. Separate and Combined Effects of Saturated and 
Highly Unsaturated Fats on the Degree of Unsaturation of Tissue 
Phospholipids—-The purpose of this experiment was to determine 
whether or not the simultaneous ingestion of large amounts of 
fully saturated fat would diminish the effect of a small and con- 
stant amount of highly unsaturated fat on the degree of unsatura- 
tion of tissue phospholipids. A group of three male rats was fed 
for 12 weeks on each of two diets, in both of which 4 per cent of 
the total calories was derived from a 1:1 mixture of cod liver oil 
and corn oil, 18 per cent from casein, and 8 per cent from yeast. 
The sole difference between the two diets was that the remaining 
70 per cent of the calories was derived in one case from sucrose, 
in the other case from hydrogenated coconut oil (I No. 3.5).! 

In order to determine the effect of fully saturated fatty acids as 
compared with that of the fatty acids synthesized from sugar on 
the degree of unsaturation of the phospholipids, several rats were 
raised from weaning age on diets in which the hydrogenated coco- 
nut oil supplied either 20 per cent or 74 per cent of the total 
calories. 

The diets were made up fresh every other day. Careful records 
were kept of the individual food intake, use being made of a special 
cup which effectively prevented seattering of the food. The 
weekly intake of food being known, it was possible to calculate 
the intake of highly unsaturated fat. 

The data are given in Table I. 

lirst of all attention is called to the fact that the degree of 
unsaturation of the phospholipids in the liver, muscle, and carcass 
of a rat fed on a diet rich in fully saturated fat but containing no 


' The hydrogenated coconut oil was kindly supplied by Dr. J. J. Vollert- 
sen, Chief Chemist to Armour and Company, Chicago. 
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unsaturated fat (Group 1) is approximately the same as in rats 
raised on our fat-poor Diet 3 (Sinclair, 1932, a). In other words, 
the fatty acids synthesized from sugar and the fully saturated 
acids of hydrogenated coconut oil have the same effect, so far as 
the iodine number can reveal, on the composition of tissue phos- 


TABLE I[ 


Separate and Combined Effects of Saturated and Unsaturated Fats on Degree 
Of U nsaturation + of Phospholipid Fatty Acids 


274 1440 2.930. 131 
| 


Hydrogenated co- 70 
conut oil | 


| | Phospholipid fatty acids 
| Average | Amount per 100 
Fat in diet’ ‘from fat | weight | rated oil __ 
| per cent gm. meg. | gm. | gm. | gm. 
Hydrogenated 20 194 None 2.33 0 .97)122 
coconut oil 20 166 Be | 93 
20 174 ni 2.88 L.O1j118 2 
| 44 178 3. 08 0. 78.0 .91}130)107) 97 
| 74 180 3. 340. 95 1.03)127)104 98S 
2. 1:1 cod liver oil 212 | 1070 2. 490. 88. 0.94)151 146 139 
and corn oil 4 224 1240 |2.640.860.93)151 143 136 
212: 966 2.360. 830.92 149 140 130 
3 | 1:1 cod liver oil | 296 | 13363. 170. 870. 94/157 142 129 
 andcorn oil 4 262 1220 3. OS 0.91 98/154 145 136 


The fat- free portion the diets was made up So that casein provided 18 
per cent, veast 8 per cent, and cane sugar the remainder of the calories in the 
final mixed diet. 1 gm. of salt mixture (Sinclair, 1931) was added for 
each 100 calories. The unsaponifiable fraction from 5 gm. of cod liver oil 
was added to each 100 gm. of hydrogenated coconut oil. 

+ These values have been calculated from the proportionate values found 


for the muscle and the residual carcass. 


pholipids. This would seem to indicate that the rats on the diet 
rich in fully saturated fatty acids have essentially the same un- 
saturated fatty acids for phospholipid synthesis as the rats on the 
high carbohydrate diet.2, These acids comprise those present in 


* The question of the synthesis of unsaturated fatty acids from carbo- 
hydrate will be discussed in a later paper. 
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the unextracted casein and yeast and those synthesized by the 
animal. 

In agreement with previous experiments (Sinclair, 1932, 5), 
the feeding of a small amount of unsaturated fat to rats on an 
otherwise fat-poor diet results in a very significant increase in 
the degree of unsaturation of the tissue phospholipids above the 
level characteristic of the fat-poor ration (Group 2). 

Most important of all is the evidence that the simultaneous 
ingestion of large amounts of saturated fat has not diminished the 
effect of the small amount of unsaturated fat on the degree of 
unsaturation of the phospholipids (Group 3). 

These results indicate that the prime factor which governs the 
degree of unsaturation of the phospholipids is the nature and 
concentration of the unsaturated fatty acids in the cell, and not, as 
might be expected on the basis of mass action, the relative concen- 
tration of the various saturated and unsaturated acids. This, 
of course, is quite in line with the fact that the degree of unsatura- 
tion of the phospholipids is dependent upon the relative propor- 
tions of the various unsaturated acids in the molecules (Sinclair, 
1935). 

Experiment 2. Retention of Unsaturated Fatty Acids by Liver and 
Muscle Phospholipids*—In a paper dealing with the rate of turn- 
over of the phospholipid fatty acids of carcass and liver, it was 
shown that if rats which have been raised on a cod liver oil diet, 
and whose tissue phospholipids therefore possess a high degree 
of unsaturation, are fed coconut oil, the iodine numbers of the 
phospholipid fatty acids fall very slowly (Sinclair, 1932, a). This 
was regarded as evidence that, when the supply is cut off, such 
highly unsaturated fatty acids as are present in the tissue phos- 
pholipids are retained with great tenacity. It has been realized, 
however, that there is an alternative interpretation. Since these 
animals had been raised on a diet rich in cod liver oil, their fat 
stores contained plentiful amounts of unsaturated acids. Accord- 
ingly it is possible to contend that the mobilization and combustion 
of highly unsaturated fat from the stores was sufficient to main- 
tain the high degree of unsaturation of the phospholipids despite 
the ingestion and combustion of large amounts of coconut oil. 


3 This experiment was presented before the American Society of Biologi- 
cal Chemists at Cincinnati, April, 1933 (Sinelair, R. G., J. Biol. Chem., 100 
Ixxxvii (1933). 
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In order to determine whether or not there is actually a reten- 
tion of highly unsaturated fatty acids by tissue phospholipids, 
the following experiment has been carried out. The experiments 
already described in this paper and earlier ones have established 
the fact that the feeding of amounts of cod liver oil up to about 
100 mg. per day results in the synthesis of phospholipids of a fairly 
high degree of unsaturation and yet the fat stored in the depots 
has the low iodine number of 60 characteristic of synthetic fat. 
If such rats are fasted or fed hydrogenated coconut oil, the main- 
tenance of a high degree of unsaturation in the phospholipids of 
liver and muscle, despite the burning of large amounts of fat of 
low degree of unsaturation, can be regarded as satisfactory evi- 
dence of a retention of highly unsaturated acids by the phos- 
pholipids. 

The rats used in this experiment were raised on our fat-poor 
Diet 34 supplemented daily with 103 mg. (6 drops) of cod liver oil. 
When growth had ceased, some were killed for controls and the 
others were either fasted or transferred to a diet containing hydro- 
genated coconut oil. On the basis of previous observations, it is 
known that the phospholipid fatty acids of the liver and carcass 
of rats raised on either Diet 3 or the hydrogenated coconut oil 
diets will have iodine numbers approximating 120 and 100, respec- 
tively. In the rats fed Diet 3 supplemented with 6 drops of cod 
liver oil daily the corresponding values are 160 and 132, respec- 
tively.§ 

In addition to showing the effect of fasting and of feeding fully 
saturated fat on the iodine numbers of the phospholipid fatty 
acids of the liver, the data in Table II show the effect on the 
weight of the liver itself and the percentage amounts of the various 
lipid constituents. Attention is directed to these data first. 

In agreement with the observations of others (Jackson, 1925; 
Cahn and Bonot, 1928), the weight of the liver relative to the body 
weight of the animal can be seen to decrease markedly during 
fasting (Column 4, Table II). 


‘ This diet consists of 17.1 per cent casein, 8.8 per cent dried yeast, 13.8 
per cent salt mixture (Sinclair, 1931), and 70.3 per cent sucrose. 

’ The average iodine number of 160 + 1.4 for the phospholipid fatty acids 
of the livers of rats receiving about 100 my. of cod liver oil daily is consider- 
ably below that which was expected on the basis of earlier experiments 
(Sinclair, 1932, b). The reason for the difference is not known. 
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It will be seen also that the percentage amount of both phos- 
pholipid fatty acids and unsaponifiable material (Columns 5 and 6) 
increases very significantly as a result of fasting and of feeding a 
diet rich in hydrogenated coconut oil. The decrease in the liver 
weight is, however, so much more pronounced than the increase 
in the percentage content of lipids that the absolute amount of both 
phospholipid and unsaponifiable material decreases during fasting. 
The increase in the phospholipid content of the liver as a result of a 
fast is in agreement with the findings of Cahn and Bonot (1928) 
on dogs but is contrary to those of Monaghan (1932) on rats. 
The increase in both the percentage and absolute amount of phos- 
pholipid in the livers of rats fed on the diet rich in fat is in line 
with the results of Artom (1933). The significance of these 
changes in the phospholipid content of the liver will be discussed 
in a later paper. 

The data in Column 8 of Table II show very clearly that neither 
the mobilization and combustion of synthetic stored fat, nor the 
ingestion and combustion of large amounts of hydrogenated coco- 
nut oil over an extended period of time has caused more than a 
slight drop in the degree of unsaturation of the phospholipids in 
the liver. There is an appreciable decrease, it is true, but it is far 
from being sufficient to reduce the iodine numbers to the neighbor- 
hood of 120 which is characteristic of the livers of rats raised on the 
fat-poor or hydrogenated coconut oil diets. The interpretation 
of the decrease which does occur is complicated by the changes 
in the percentage and absolute amounts of phospholipid in the 
liver. 

The only way that it has been found possible to reduce the iodine 
number of liver phospholipid fatty acids to the neighborhood of 
120 is to fast the rats for some time and then feed them either on 
the fat-poor diet or on a diet rich in hydrogenated coconut oil 
(Table II). Under such circumstances there is first a marked 
decrease in the absolute amount of phospholipid in the liver and 
then a restoration as the liver regenerates to its former size. It is 
reasonable to assume that the resynthesis of phospholipid which 
occurs is at the expense of fatty acids of low degree of unsaturation 
just as in rats raised on these same diets. Indeed it can be calcu- 
lated that the decline in the iodine number of the phospholipid 
fatty acids from the probable value at the end of the fast is just 
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about accounted for by the addition of phospholipid fatty acids 
with an iodine number of 120. 

In both the carcass and in the skeletal muscle, as in the liver, 
there was a slight decrease in the iodine number of the phospholipid 
fatty acids as a result of fasting and of feeding hydrogenated 
coconut oil. This is shown in Chart I, in which the percentage 
change in iodine number is plotted against time. The percentage 
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Cnuart I, The rate of decrease in the iodine number of the phospholipid 
fatty acids in the carcass and muscle as a result of fasting or of feeding 
hydrogenated coconut oil. XX represents the carcass, O the muscle of fast- 
ing rats; O represents the carcass, A the muscle of rats fed hydrogenated 
coconut oil. The upper curve shows, for comparison, the rate of increase in 
the iodine number of the phospholipid fatty acids in the carcasses of rats 
after changing from a fat-poor diet to one rich in cod liver oil. 


change is calculated by dividing the average possible decrease into 
the actual decrease from the initial control value and multiplying 
by 100. In this way it is possible to plot the data for carcass and 
muscle on the same coordinates, despite the differences in the 
average control values (132 for carcass and 149 for muscle). For 
comparison with the rate of fall in the iodine number, the curve in 
Fig. 2 of an earlier paper (1932, a, p. 406), calculated on the per- 
centage basis, is reproduced to show the rate of increase in the 
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iodine numbers of the phospholipid fatty acids in the carcasses of 
rats after transfer from the fat-poor Diet 3 to a diet rich in cod 
liver oil. 

The fact that the degree of unsaturation of the phospholipids 
in the liver and muscles of the rat remains at its initially high level 
despite the combustion of large amounts either of synthetic stored 
fat or of hydrogenated coconut oil is believed to be of great signifi- 
cance. On the one hand, it adds to the very considerable body of 
evidence that the taking up of highly unsaturated fatty acids by 
the tissue phospholipids, both in the synthesis of new phospho- 
lipid during growth and by the replacement m adult rats of other 
acids of lower degree of unsaturation, is not for the purpose of 
promoting their combustion. On the other hand, it shows that, 
highly unsaturated fatty acids are not only selected but retained 
within the tissue phospholipids for a relatively long period of time. 
This, in turn, indicates that wear and tear, at least on the unsatu- 
rated portion of the phospholipid molecule, is moderate. 

At one time it was thought that the maintenance of their initially 
high degree of unsaturation by the phospholipids during fasting 
or the feeding of hydrogenated coconut oil was possibly due to the 
effect of arachidonic acid synthesized from other fatty acids as 
proposed by Wesson (1925). It is believed that the more pro- 
nounced drop in the iodine number of liver phospholipids as a 
result of resynthesis of phospholipid during liver regeneration is 
evidence against such an interpretation. That arachidonic acid 
and other unsaturated fatty acids are synthesized by the rat and 
other animals to a limited extent is held to be probable. How- 
ever, retention of those already there rather than the utilization 
of synthesized highly unsaturated acids is regarded as the best 
explanation of the maintenance of the high degree of unsaturation 
in tissue phospholipids when the dietary supply of unsaturated 
fat is cut off. 

Further discussion of the significance of the selection and reten- 
tion of highly unsaturated fatty acids in tissue phospholipids will 
be found in a forthcoming paper. 


SUMMARY 


1. The feeding of a fully saturated fat, as represented by hydro- 
-genated coconut oil, has no effect on the degree of unsaturation 
of the tissue phospholipids, The effect of small amounts of highly 
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unsaturated fat in the diet on the unsaturation of tissue phospho- 
lipids is not diminished by the simultaneous ingestion of large 
amounts of saturated fat. 

2. The high degree of unsaturation induced in tissue phospho- 
lipids by the daily feeding of a small amount of highly unsaturated 
fat is maintained despite prolonged fasting or the feeding of a diet 
rich in fully saturated fat. 

3. These facts are interpreted as evidence of the selection and 
retention of highly unsaturated fatty acids by tissue phospholipids. 
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The accurate estimation of small amounts of lead in biological 
materials has offered difficulties to the analyst for many years. 
Numerous procedures have been devised but most of these are 
either not sufficiently accurate, require too elaborate equipment, 
or are too time-consuming to be applicable to the ordinary clinical 
laboratory. 

The microchemical test or so called ‘‘triple nitrite test’ of 
Behrens and Kley (1915) (1), as modified by Fairhall in 1923 (2) and 
later by Harwood and Brophy in 1934 (3), is very sensitive, but 
is used only qualitatively and is difficult to apply to biological 
materials. 

The spectrographic method as applied by Wood (4), Rabino- 
witch, Dingwall, and Mackay (5), Wexler and Sobel (6), Blumberg 
and Seott (7), and others is extremely delicate, but the expensive 
equipment required and the care which must be taken with each 
analysis make it impractical for general clinical use. 

Until recently the most generally used clinical methods were 
modifications of Fairhall’s (8) chromate method (1922, 1924). 
The method requires from 2 to 3 days to complete a determination 
and large samples of urine (1 to 3 liters) are required. Kehoe, 
Thamann, and Cholae (9), who have had extensive experience 
with the colorimetric modification of this method, have compared 
their recoveries with duplicate samples in which the lead was 
determined by a spectrographic method. These results showed 
that there was an inherent loss of 0.07 mg. per 3 to 4 liter sample. 
This large correction must be made in calculating the actual lead 
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content of a sample. ‘They conclude that similar losses occur in 
all chemical methods which are based on the separation of lead by 
its insoluble salts from other metals. This criticism does not 
apply to the method which is now being reported, as the only 
precipitation is by the method of entrainment (adsorption) which 
does not entail such losses. Quite recently Myers et al. (10) have 
also critically analyzed modifications of the Fairhall method and 
conclude that the volumetric procedure gives more reliable results 
than the colorimetric. Their data, however, show fairly large 
errors by both methods, as determined by the recovery of lead 
added to normal urine. In one series in which the added lead 
varied from 0.10 to 0.50 mg. per 500 cc. (z.e. 0.02 to 0.10 mg. per 
cent) the average error was 17.1 per cent and in some instances 
was as great as 30 per cent of the amount of lead added. The 
average error in the recoveries shown in their Table I is not 0.001 
mg. as they claim, but 0.010 mg., according to the figures given. 
Since apparently no allowance has been made for the lead content 
of the urine to which the lead was added, the recoveries are actually 
even smaller; z.e., the error is actually greater than the 0.010 mg. 
apparent error would suggest. Fairhall (11) has also found the 
colorimetric procedure to be inaccurate for quantities of lead of 
the order of mg. and has discarded it in favor of the volumetric 
procedure. The procedure about to be described is based on the 
use of a recently discovered microchemical reagent for lead. 

Feigl (12) in his book on the spot test reactions for the detection 
of small amounts of metals mentions as one of the most sensitive 
of these the reaction given by the dye diphenylthiocarbazone 
(dithizone) in the presence of minute traces of lead. The constitu- 
tion of this compound is represented by the formula CsH;N:- 
N-CS-NH-NH-C,.H;. The specificity of this color reaction was 
first described in 1929 and 1930 by Fischer (13), and has been 
used successfully for the detection and determination of small 
quantities of lead and other heavy metals in inorganic material. 
In the presence of ammoniacal cyanide the red color produced by 
dithizone is made specific for lead, and the other heavy metals, 
with the exception of bismuth, stannous tin, and thallium (14), do 
not interfere. 

Following the recognition of a case of lead poisoning occurring 
in a young child early in 1933, it was decided to attempt to apply 
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the above delicate color reaction to the detection of lead in urine 
and other biological material. Some success was experienced 
with the first trials and a procedure was successfully elaborated 
for the recovery of small amounts of lead added to normal urine. 
It was found possible to recover much smaller amounts by means 
of the dithizone reagent than were recoverable by the chromate 
method of Fairhall. Beeause of this sensitivity, the test ean be 
applied to comparatively small samples of urine (100 to 200 ec.) 
and a quantitative estimation of the lead content made. 

A preliminary report of the method was published in 1933 (15). 
Since that time modifications have proved advantageous. It was 
found that the presence of phosphates not only necessitated a 
precipitation of the lead as the sulfide but also interfered to some 
degree in the final extraction. This disadvantage of our preliminary 
method has now been obviated by eliminating the phosphates as 
completely as possible early in the procedure; calcium oxalate 
precipitation has been substituted for the customary phosphate 
method of concentration. A reduction in the time required for 
each estimation and an increase in accuracy has resulted from the 
above change in procedure. This modified method together with 
results obtained in a series of normal urines and urines from battery 
workers are now being reported 

Apparatus Whenever possible, apparatus should be made of 
Pyrex glass. A special tube has been designed (Fig. 1)! in which 
the urine may be measured, precipitated, centrifuged, and the 
residue digested without transference from one vessel to another. 
This has the advantage of consuming less time, and it reduces the 
chances of lead contamination to a minimum. The tube is made 
to contain 105 e¢., and the diameter is such that it will fit the cups 
of a large sized laboratory centrifuge made to accommodate 100 
ce. tubes (about 30 mm. in diameter). It is marked to indicate a 
volume of 100 ec. The neck is of the right size to be inserted in the 
openings of the glass fume tube of a micro-Kjeldahl digestion 
apparatus (about 20 mm. in diameter). The stopper is necessary 
for mixing and to eliminate contamination from dust during the 
precipitation. If a smaller type centrifuge only is available, the 
special tubes cannot be used. In this case, the precipitation is 


'This tube may be obtained from the Hookway Glass Company, To- 
ronto, Canada. 
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carried out in 100 ec. glass-stoppered Pyrex graduated cylinders, 
which necessitates allowing the urines to stand overnight and 
decanting as much as possible of the clear supernatant liquid (or 
centrifuging in 50 ce. centrifuge tubes after 20 minutes standing). 
The precipitate is then transferred to long Pyrex test-tubes (18 x 
170 mm.) in which the procedures of centrifuging, washing, and 
subsequent digestion are completed. 

Special precautions must be followed in the preparation of glass- 
ware and reagents and in the collection of the urine specimens, in 
order to reduce the lead contamination toa minimum. The eclean- 


ig. 1. Tube used for determining lead in urine 


ing of glassware and testing of reagents will be dealt with in some 
detail, because we have found that unless considerable care is 
taken, the contamination with lead may be larger than the amount 
netually present in the sample. 

All glassware, after the usual routine washing, should be washed 
in warm dilute nitrie acid and then rinsed with distilled water, 
followed, preferably, by double distilled water. Allow apparatus 
to drain dry; never use towels, as they become easily contaminated 
with lead. It is advisable to confirm the absence of lead by rinsing 
the apparatus before use with water containing a few drops of 
sodium cyanide reagent and several drops of dithizone solution. 


pe 
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If no red coloration develops, the apparatus is ready to use after 
being rinsed once more with distilled water. Pipettes and flasks 
used for the lead standards should be suitably marked and not used 
for the test solutions. 

The urine specimens are preferably collected in Pyrex flasks 
with glass stoppers which have been thoroughly cleaned. To 
prevent the precipitation of phosphates after the urine has been 
collected, 0.5 ec. of glacial acetic acid is added to each flask. If 
other receptacles such as urinals are used for collecting the speci- 
mens they must be similarly cleaned. Earthenware utensils, 
which are usually finished with a lead glaze, should be avoided. 

The lead determination should be made as soon as possible after 
the collection of the urine; if this is not possible, a pinch of pow- 
dered thymol or a few drops of toluene are added as a preservative. 

Reagents—Redistilled water—prepared in a Pyrex all-glass 
still—should be used for all operations except preliminary rinsings. 

1. Glacial acetic acid. 

2. Citric acid solution, 10 per cent. 

3. Perchloric acid, 72 per cent. 

4. Hydrochloric acid, 1 N and 6N. 

5. Ammonium hydroxide, concentrated, 1 N and 0.075 N (or 
0.5 per cent). 

6. Ammonium oxalate solution, saturated; or powdered ammo- 
nium oxalate. 

7. Calcium chloride solution, 10 per cent strength. 

8. Hydrogen peroxide (30 per cent). 

9. Purified carbon tetrachloride. (Chloroform may be used as 
solvent. It has the advantage that the reagent dissolves in it 
much more rapidly than in carbon tetrachloride, but the latter is 
less volatile than the chloroform and for colorimetry is to be 
preferred.) 

10. Purified dithizone solution in carbon tetrachloride, about 3 
mg. per 100 cc. Dissolve about + mg. of commercial dithizone? 
in 25 ee. of carbon tetrachloride. Extract with three 25 ec. por- 
tions of 0.075 Nn (0.5 per cent) ammonium hydroxide. This dis- 
solves the dithizone but not the impurities. Reject the carbon 
tetrachloride layer. Neutralize the aqueous layer to litmus with 


? The dithizone may be obtained from the British Drug Houses (Canada), 
Ltd., Toronto, Canada. 
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1 wn hydrochloric acid and extract the purified dithizone with 
several 15 cc. portions of carbon tetrachloride. Dilute to 100 cc. 
The solution should be kept in a Pyrex flask in the refrigerator 
and made up freshly every 3 days. 

11. Sodium cyanide solution, 20 per cent. 

12. Lead standards. 0.160 gm. of crystalline lead nitrate made 
up to 1 liter with double distilled water. 2 drops of lead-free nitric 
acid are added to a 100 ce. aliquot, which is stored in a Pyrex 
vessel. Thisis Standard 1. 1 cc. contains 0.10 mg. of Pb. 1 cc. of 
Standard 2 contains 0.010 mg. of Pb. This is made by diluting 
10 cc. of Standard 1 to 100 ce. 

The solutions to be used are made from the best analytical grade 
of chemicals available. Regardless of the claims made on the label 
all reagents should be tested for their lead content by the following 
procedure: A solution of the reagent under examination is made 
up as required for the test and a quantity equal to 3 to 5 times the 
amount used in the analysis is made just alkaline to bromothymol 
blue with ammonia. After the addition of a few drops of 20 per 
cent sodium cyanide the mixture is shaken in a separatory funnel 
with 1 cc. of the purified dithizone solution. A cherry-red color 
indicates the presence of lead. Reagents containing more than 
0.001 to 0.002 mg. of Pb in the quantities used in the method must 
be discarded and others tried. In this way the lead content of 
reagents from different chemical houses may be readily determined; 
those reagents containing the smallest amounts of lead should be 
used. 


Procedure 


Adjust 100 ce. of urine in the special glass-stoppered tube (or in a 
glass-stoppered graduated cylinder) to approximately pH 4.5 with 
bromocresol green indicator by the dropwise addition of glacial 
acetic acid. Add approximately 0.5 gm. of powdered ammonium 
oxalate (or 10 cc. of saturated ammonium oxalate solution) and 
mix. Then add 2 ce. of 10 per cent calcium chloride solution and 
again mix. The lead is in this way completely precipitated by 
entrainment with the calcium oxalate precipitate. After the 
mixture has stood for 20 minutes (or overnight) with occasional 
shaking, the open end of the tube is covered with a cigarette-paper 
held in place by a rubber band, and centrifuged. The supernatant 
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liquid is then discarded and the precipitate is washed with about 
15 to 20 cc. of double distilled water containing a few drops of 
saturated ammonium oxalate solution. The clump of precipitated 
calcium oxalate and uric acid is broken up with a glass stirring rod 
to insure thorough washing. It is then recentrifuged. After 
the wash water is decanted, the tube is inverted and allowed to 
drain on filter paper. This removes most of the phosphates which 
otherwise would interfere later in the procedure. 2 cc. of per- 
chloric acid and 2 drops of 30 per cent hydrogen peroxide are added 
and mixed with the precipitate by agitation. The mixture is 
digested for at least 20 minutes on a micro-Kjeldahl digestion 
apparatus with a glassfumetube. While it is still hot, add 3 drops 
of the strong hydrogen peroxide (delivered cautiously down the 
side of the tube), and continue digestion for 3 minutes. When 
the mixture is cool, 5 ec. or more of double distilled water are added 
to dissolve the perchlorates, followed by 3 cc. of 10 per cent citric 
acid solution to prevent the precipitation of traces of phosphates 
which may still be present. 2 drops of bromothymol blue are 
added and the solution is made just alkaline by the addition of 
1.5 ec. of concentrated ammonium hydroxide followed by the 
dropwise addition of this reagent. If it has been made too alkaline 
(causing a precipitate to form), adjustment is made with citric 
acid solution. The digested solutions should not be made alkaline, 
however, until just previous to extraction, as a precipitate tends 
to form on standing. If this has occurred they are acidified to 
dissolve the precipitate and carefully made just alkaline. 

If much lead is expected to be present, it is advisable to transfer 
the solution to a 15 cc. volumetric flask and use only aliquot por- 
tions for subsequent procedures. The clear solution (or a 5 ee. 
aliquot) is transferred to a 50 ce. separatory funnel and 4 drops of 
20 per cent sodium cyanide solution are added. At this point the 
solution should be water-clear and the volume about 20 ce. The 
mixture is then shaken vigorously with about 1 cc. of purified 
dithizone solution. For extracting very small amounts of lead 
such as are found in normal urines (less than 0.015 mg.) a more 
dilute dithizone solution is preferable (one-half strength). The 
cherry-red solution of lead dithizone in carbon tetrachloride is 
drawn off and the extraction is repeated with 1 ec. or diminishing 
portions of the dithizone solution until no further red color appears 
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in the carbon tetrachloride. The lead in this way is completely 
removed from the aqueous solution. After a little experience 
with the method this extraction can be made to serve as a rough 
titrimetric estimation of the quantity of lead present. The 
supernatant solution, which assumes a yellow color owing to the 
excess dithizone being dissolved in the alkali, is discarded. 

The red dithizone solution, after being washed with about 10 
cc. of 0.5 per cent ammonium hydroxide containing 2 or 3 drops of 
the sodium cyanide solution (to remove any excess reagent), is 
made up to a definite volume with carbon tetrachloride and read 
in the Duboscgq colorimeter against a known standard prepared in a 
similar way. This standard should be extracted at the same time 
from a suitable quantity of the lead standard. Since green colors 
are more easily read by some observers than red, it is sometimes 
advisable to change the color of the recovered lead solutions to 
the green by shaking with dilute (1:3) hydrochloric acid. The 
depth of the green color will be proportional to the amount of lead, 
provided the recovered samples have been washed free of excess 
reagent. 

A distilled water blank should always be run at the same time 
as the test sample, in order to determine the amount of lead con- 
tamination from chemicals, glassware, ete. The amount of lead 
found in this water blank is finally subtracted from the amount 
determined for the test samples. 

The dithizone solutions should be kept in glass-stoppered tubes 
away from bright light and read within an hour. Fading of the 
color is minimized by placing the tubes in the refrigerator until 
they are read. For determinations of less than 0.015 mg. the 
total volume of the carbon tetrachloride extracts should be kept 
within 5ec. This necessitates reading these with the microcolor- 
imeter attachment, or against a series of standards in a comparator 
block. 

The lead content of 500 ec. urine samples may be determined in a 
similar way but larger amounts of the reagents are necessary for 
precipitation and digestion. 1 gm. of powdered ammonium 
oxalate and 3 ce. of calcium chloride solution are added to the 
urine and after overnight precipitation the supernatant liquid is 
decanted. For complete digestion of the precipitate 5 ec. of 
perehloric acid are required and the digestion is continued for 30 
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minutes or longer. 15 to 20 ec. of water and 5 ce. of citric acid 
solution are then added and the extraction procedure is followed 
as outlined above. 


DISCUSSION 


In Table I are shown the results for the recovery of different 
amounts of lead added to normal urine. The range covered 
(0.005 to 0.10 mg. per 100 ce.) corresponds to the amount which 


TABLE 
Recovery of Lead Added to Normal Urine 


_ Lead in reagents | | | Lead in reagents 
Amount of | ng hey Amount | — Amount 
lead added to 100 cc. lead “ — added lead of 
urine | recovered | pon a recovered 
Average Average 
mg. mg. ma. mg. mg. mg. mg. mg. 
Blank (water | 0.004 0.40 | 0.051 
and reagents) | 0.004 0.048 0.041 
0.003 | 0.004 0.050 | 0.050 
0.000 0.009 0.050 | 0.061 
0.009 0.058 0.050 
0.008 | 0.009 0.059 | 0.059 
0.005 0.013 0.060 | 0.074 
0.012 0.004 0.070 0.063 
0.013 | 0.013 0.072 | 0.072 
0.010 0.020 0.080 | 0.087 
0.018 0.010 0.086 0.078 
0.019 | 0.019 0.087 | 0.087 
0.020 0.030 0.100 | 0.112 
0.031 0.022 0.114 0.103 
0.031 | 0.031 0.112 | 0.112 
0.030 0.042 
0.041 0.034 | 
0.045 | 0.043 | 


may be found in normal and pathological states. This series was 
carried out in triplicate and the average lead recovery in no in- 
stance differed from the lead added by more than 0.003 mg. per 
100 cc. In other words, the accuracy of this method appears from 
our results to be +0.004 mg. of Pb for amounts up to 0.10 mg. 

The results of lead determinations on the urine of ten normal 
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adults and ten normal children with no history of undue exposure © 
to lead are shown in Tables II and III. These figures indicate an 
average of 0.050 mg. per liter for the adults and 0.060 mg. per 
liter for the children. The lead content of normal urines as deter- 
mined by various investigators shows considerable variation. 
Kehoe et al. (9) report 0.04 to 0.08 mg. of Pb per liter for normal 
American adults, while Millet (16) found it to be 0.081 mg. per 
liter. Litzner and Weyrauch (17) report values of 0.01 to 0.55 
mg. per liter for normal German adults. Badham and ‘Taylor 


TABLE II 
Lead Found in Urine of Normal Adults 
100 ce. of urine were used for each determination. 


Experiment No. read nase | pe 
mg. mg. mg. mg. 
Blank (water 0.004 | | 6 0.010 
and reagents) 0.004 0.004 — _ 0.008 0.005 
1 0.008 | 7 0.010 
0.009 | 0.005 | — 0.010 0.006 
2 0.010 | | 8 «0.008 
0.012 {| 0.007 | ().007 0.004 
3 0.010 | 9 0.009 
0.009 0.006 | 0.009 0.005 
4 0.007 | | 10 0.012 
0.007 | 0.003 0.011 0.008 
5 0.008 | 
0.008 0.004 


(18) give an average value of 0.02 mg. per liter for normal inhabit- 
ants of Sydney, Australia. 

Although we had found that added lead could be recovered 
with considerable accuracy, we were interested to know whether 
the same degree of accuracy could be expected in dealing with 
pathological urines containing excreted lead. That this was so 
is illustrated by the data in Table IV. 24 hour samples of urine 
were obtained from ten battery workers and 100 or 200 ce. aliquots 
were used for the determinations. The lead excreted by this group 
of battery workers varied from 0.064 to 0.015 mg. per 100 ec., and 
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TABLE III 
Lead Found in Urine of Normal Children 
Lead | Corrected! py Lead | Corrected 
cc. md. mq cc. mg. mg. 
Blank (water 100 | 0.004 6 100 | 0.009 | 0.004 
and reagents) | 100 | 0.004 100 | 0.010 | 0.006 
1 100 | 0.009 | 0.005 7 100 | 0.009 | 0.005 
200 | 0.018 | 0.007 100 | 0.009 | 0.005 
2 100 | 0.009 ; 0.005 8 100 | 0.010 | 0.006 
200 0.020 | 0.008 100 =| 0.010 | 0.006 
3 100 | 0.012 | 0.008 9 100 | 0.012 | 0.008 
200 | 0.020 | 0.008 10 100) | 0.009 | 0.005 
4 100 | 0.011 | 0.007 
100 | 0.009 | 0.005 
5 100 | 0.012 | 0.008 
100 | 0.012 | 0.008 | 
TaBLE IV 
Test Applied to Urines Obtained from Battery Workers 
Lead | Corrected Experi- Lead | Corrected 
cc. mg. mg ce. mg. mg. 
Blank (water 100 | 0.004 6 100 | 0.024 | 0.020 
and reagents) 100 | 0.026 |} 0.022 
l 100 | 0.067 | 0.063 150 | 0.036 | 0.021 
100 | 0.068 | 0.064 7 100 | 0.030 | 0.026 
200 | 0.126) 0.061 100 | 0.030 | 0.026 
2 100) | 0.042) 0.038 200 | 0.064 | 0.030 
100 | 0.043 | 0.039 8 100 | 0.019 | 0.015 
200 | 0.084 | 0.040 100 =| 0.021 | 0.017 
3 100 | 0.026 | 0.022 i) 100 | 0.036 | 0.032 
100 | 0.026 | 0.022 | 100 | 0.033 | 0.029 
200 | 0.044 | 0.020 10 200 | 0.062 | 0.029 
4 100 | 0.036 | 0.032 200 | 0.060 | 0.028 
100 | 0.031 | 0.027 
200 | 0.064 | 0.030 
5 100, 0.040 | 0.036 | 
100) | 0.088 | 0.034 | 
150 


0.033 | 
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the agreement between duplicates was within 0.003 mg. in all but 
two instances. 

The method as reported requires from 2 to 3 hours to complete 
a determination, which brings it within the scope of the ordinary 
clinical laboratory where it is frequently of considerable advantage 
to have a report within a short time. It has been found to be 
particularly applicable to the determination of lead in the urine of 
young children suffering from lead poisoning where only small 
samples are available. 

Following the publication of Fischer’s paper in 1929, several 
investigators have had considerable success in applying dithizone 
to the determination of lead in metals (13), in dyestuffs (19), in 
spray residues, and in food materials (20) by various procedures. 
More recently Wilkins, Willoughby, Kraemer, and Smith (21) 
evolved a titrimetric extraction method which they have applied 
to the determination of lead in blood samples. 

The sensitivity of the reagent dithizone for the detection of lead 
(0.001 mg.) compares very favorably with that claimed for the 
spectrographic method and the reagent has the advantage that 
amounts greater than 0.001 mg. may be quantitatively estimated. 


SUMMARY 


A microcolorimetric method is reported for the determination 
of small amounts of lead in urine. 

The method is applicable for use in a clinical laboratory, since 
the time required for a determination is reduced to 3 hours. 

The procedure may be readily applied to the urine of young 
children where only small samples are available. 
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The present communication deals with the problem of the con- 
figurational relationships of the group of substances of the general 


type 
CH; 


| 
H—C—(CH2)aX 
(CH:) m 


R 
I 


where n and m vary from 0 to 2, R stands for an isopropyl group, 
and X for a functional group. Thus in this group of substances it 
is possible to follow the effect of variation of m when n is kept 
constant and the effect of variation of m when m remains constant. 

In the case of hydrocarbons and secondary carbinols, it was 
previously observed! that the substitution of a normal aliphatic 
radicle by a branched chain group had a marked effect on the 
rotation of the substance only as long as the isopropyl group was 
attached either directly to the asymmetric carbon atom, or at a 
distance of one ==CHe2 group only (n = Oorl). The question arose 
whether the same phenomenon occurs under similar conditions in the 
group of substances of type (1). 

In the case of substances of type (I) when R represents a normal 


1 Levene, P. A., and Marker, R. E., J. Biol. Chem., 91, 405 (1931); 100, 
769 (1933). 
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propyl group, the variation of n from 0 to 1 brings about a change 
in the direction of the partial rotation of the group X; on further 
increase of the value of n the direction of the partial rotation of X 
remains constant. 

The question is, does a similar sequence of events take place when 
R represents an isopropyl group? In order to obtain an answer to 
this question it was necessary to find the respective rotations of 
configurationally related substances of type (I) when R stands 
for a propyl group and those in which R stands for an isopropyl 
group. 

Configurational Relationship of 2-Isopropylpropionic, 3-Isopro- 
pylbutyric, and 4-Isopropylvaleric Acids to 2-n-Propylpropionic, 
to 3-n-Propylbutyric, and to 4-n-Propylvaleric Acids—Knowledge 
of the relationship of the two hydrocarbons (IV) and (V)! permits 
the correlation of the acids (II) to (III) and hence of the substances 
derived from them. 


CH; CH; 
H—C—COOH H—C—C.H; 
C3H;7(n) C3H;(n) 
Dextro 
II IV 
CH; 
H—C—COOH H—C—C.H; 
| 
C3H;(iso) 
CH 
Levo 
III V 


The intermediate steps leading from 2-isopropylpropionic acid 
to the hydrocarbon (V) are given in Table I. The relationships 
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of the acids in which R stands for a normal to those in which it 
stands for a branched chain group may be seen by comparing the 
directions and the respective values of their rotations given in 
Table I. 

Configurational Relationship of 2-Isobutylpropionic Acid to 8- 
Tsobutylbutyric Acid and to 2-n-Butylpropionic and 3-n-Butyl- 
butyric Acids—The 3-isobuty]butyric acid has already been corre- 
lated to the 2-n-butylpropionic and 3-n-butylbutyric acids.’ 
Hence, there remained to correlate the configuration of 2-isobuty]- 
propionic acid (VI) to that of 3-isobutylbutyric acid (VII). This 
was accomplished by the successive steps given in Table I. 


CH; 
| 
H---C—-COOH H—-C—-CH.COOH 
| yo 3 | Fass 3 
CH.CH CH.CH 
CH; Nou, 
VI Vil 
DISCUSSION 


Isopropyl Series—The most striking peculiarity of the rotations 
of the members of the isopropyl] series, as can be seen from Table 
I, is the uniformity of the sign of rotation of all the derivatives of 
2-isopropylpropionic, 3-isopropylbutyric, and 4-isopropylvaleric 
acids. Inasmuch as in the normal propyl series the direction 
of rotation changes with the character of the substituent, it is 
evident that some of the respective members of the two series 
are of the same sign, whereas other members differ in sign. Of the 
derivatives of the 2-substituted propionic acids the 2-n-propyl 
propanol and the 2-isopropyl propano! differ in sign of their rota- 
tions. In the series of substituted butyric acids all members differ 
in sign except the 3-n-propyl- and 3-isopropyl-1-bromobutanes. 
The members of the isopropyl series whose rotations are of the 
same sign as those of the normal series possess a much higher 
numerical value. Thus the substitution of a propyl group by an 


? Levene, P. A., and Marker, R. E., J. Biol. Chem., 95, 1 (1932). 
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isopropyl is marked by a significant effect on the optical rotation 
either with respect to sign or to numerical value. 

Isobutyl Series—As compared with the members of the normal butyl 
series those of the isobutyl series show differences in the direction 


TaB_LeE I—Molecular Rotations of Configurationally Related [sop 


CHs; CH: CHa CHs 
H—C—COOH H—C—CH:OH H—C_CH:Br H—C—CH.COOH H- 
H H CH H CH H | 
chs cH: cht ‘oH Cit ‘cH, cht, Nom cht ‘cH Ch | cf 
Normal 
series.... —21.4° —27.5° +6.8° Levo +3.6° +0.7° 
CHs CH; CHs CHs CH:;* 
H—C—COOH |} H—G_CH.OH H—C_CH.Br H—-C_CH.COOH H- 
cu, He H2 He ou: 
H én H bu 
CHa; cH: cH: ‘cn, CHs ‘cH cits ‘cH, cht ch 
—17.9° —21.5° 11.8° +7.5° +15.0° +11.9° 
Normal 
series... —24° —31° +8° Levo +-6.0° +3.0° 
H—G—CH.COOH H— —CH:COOGH; H— 
bn, 
H: buy 
H H 
cht: Nou, chs 
+8.4° +5.7° 
Normal 
series... . +8.1° +4.2° 


—— 


For comparison, the values of the corresponding members of the normal series are given in @row! 


* Levene, P. A., and Marker, R. E., J. Biol. Chem., 96, 1 (1932). 
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of rotation in one case, namely in 2-isobutyl-1-bromopropane. 
For the corresponding member of the normal butyl series the 
rotatory dispersion curve is anomalous and therefore it is probable 
that the corresponding significant partial rotations of the members 


elated Isopropyl, Tsobutyl, and Isoamyl Derivatives. (Homogeneous) 


CHa; 


| 
H—C—CH:CH:COOH 


3H; (iso) 
—16.6° 


Normal series —6.9° 


CHs CH; CH; CH; CH; 
OOCiH, H—C_CH.CH.Br H—C—C:Hs H—C—C\Hatn) 
| On H H H H 
| chs ‘cH No Cf, ‘cH: 
| —31,2° — 56.6° — 28.3° Levo Levo 
+2.1° —21,3° +9.9° 
CHs* CH;* CHs* 
CH H én H H 
chs ‘cH: cht ‘on, cht CHs CHs3 
+11.9° —6.3° +21.3° +14.9° +11.9° 
| +4.0° ~17.0° +11.4° +1.5° 0° 
vals on, CH: 
CH: but, ou, H2 ou: 
bu du H H 
cfts Neu: Cts cfs CH: Nou: CH: oft ‘cH, 
, +7.1° —10.2° +11.9° +3.5° +1.5° +0.2° 
| +6.1° ~14.7° +12.5° 


in @row below the values of the members of the branched chain series. 


7” 
| | | 
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of both series are of the same sign. The rotatory dispersion of 
the members of the isobutyl series is now under investigation. 

The rotations of the members of the isobutyl series compared with 
those of the isopropyl series show similarity in direction of rotation 
in three cases; namely, in the 2-isobutylpropionic acid and its ester 
and in 3-isobutyl-1-bromobutane. In these cases, particularly 
the latter, the numerical values of the rotations in the correspond- 
ing members are so different as to suggest the possibility of a 
difference in the partial rotation of one of the two significant 
constituents of the members of the isobutyl as compared with 
that of the isopropy] series. 

The observations on the members of the isobutyl series tend to 
show that increase of the distance of the isopropyl group from the 
asymmetric center by one ==CHz2 group brings about a difference 
in the effect of the isopropyl group on the rotations of the sub- 
stances of type (I) in a manner similar to the case of the hydro- 
earbons and secondary carbinols containing an isopropyl or an 
isobutyl group. 

Isoamyl Series—It may be seen from Table I that the rotations 
of the members of this series, as has been pointed out earlier, show 
little difference from the rotations of the corresponding members 
of the normal series. Hence the isopropyl] group removed from 
the asymmetric center by two CH groups differs very little in 
its effect on rotation from a normal propyl] group situated at the 
same distance from the asymmetric center. 

The values of the rotations of the 2-isopropylpropionic acid and 
its ester, and of the 2-isobutylpropionic acid and its ester, given in 
Table I, are maximum values to the extent obtainable by direct 
resolution. All other derivatives were obtained from propanols 
substituted in position (2). Inasmuch as the preparation of these 
earbinols from the parent esters may be accompanied by racemiza- 
tion, there is no certainty as to the actual maximum values of their 
rotation. However, for convenience of bringing out the effect of 
the change in the value n on the rotation of the derivatives of type 
(I), the rotations of the other substances were calculated on the 
basis of the maximum rotations obtained for 2-substituted propa- 
nols. It is emphasized, however, that they are not true maximum 
rotations. 


«(CU 
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The value of the maximum rotation of the 2-isopropylpropionic 
acid previously reported by Levene and Bass’ should be revised 
on the basis of the results reported in Table I. 


EXPERIMENTAL 
CH; 
Leve- CH—CH—COoH 
C H 3 ‘ H; 


Inactive methylisopropylacetic acid, prepared through the 
malonie ester synthesis, was dissolved in hot acetone; 1 equivalent 
of quinine was added and the solution allowed to cool to room 
temperature. The quinine salt precipitated in a hard cake from 
which the mother liquor could be decanted. After ten recrystalli- 
zations the rotation reached a maximum value. B.p. 90° at 16 
mm. 


—17.54° 


9° 
18.9°; 21.9° (homogeneous) 


= 


2.990 mg. substance: 6.874 mg. CO: and 2.840 mg. H.0 
CsH1.202. Calculated. C 62.0, H 10.4 
116.1 Found. 62.7, 10.6 


Dextro Ethyl Ester of Methylisopropylacetic Acid 
CH; 
H—CH—CO0OC:H, 


CH; 


50 gm. of the methylisopropylacetic acid ({M]® = +46.7° 
(homogeneous)) were dissolved in 100 ce. of absolute alcohol and 
5 ec. of concentrated sulfuric acid were added. The product was 
heated on a steam bath during 30 minutes. Then some of the 
slcohol was distilled off, ice was added, and the product extracted 
with ether. The ether solution was washed with sodium ecarbon- 


5 Levene, P. A., and Bass, L. W., J. Biol. Chem., 70, 211 (1926). 


i 
i 
| 


306 Isopropyl and Isobutyl Acids 


ate solution, dried with anhydrous sodium sulfate, evaporated, 
and distilled. B.p. 146° at 760mm. D 25/4 = 0.866. 


+7.02° 


+8.1°; = +11.7° (homogeneous) 


= 


Maximum [M]> = +38.5° (homogeneous) 
4.055 mg. substance: 9.910 mg. CO and 3.985 mg. HO 
CsHi6Q>. Caleulated. C 66 .6, H 11.2 


144.1 Found. 66.7, 11.0 
CH, 
Dextro-2 ,$-Dimethyl Butanol-t 
CH, 


50 gm. of the ethyl ester of methylisopropylacetic acid ({M]” 
= +11.7° (homogeneous)) were dissolved in 200 cc. of absolute 
alcohol and the solution dropped into an emulsion of 80 gm. of 
finely divided sodium in 400 cc. of boiling toluene. After reduc- 
tion was complete, the carbinol was extracted with ether. The 
extract was distilled at atmospheric pressure until the temperature 
of distillation reached 110°. The toluene solution was treated 
with a slight excess of phthalic anhydride and pyridine and refluxed 
1 hour. The phthalic ester of the carbinol was isolated and the 
carbinol obtained from it by saponification. B.p. 142° at 760 mm. 
D 25/4 = 0.823. 


+1.54° 


ix 0.823 = +1.9°; [M], = +1.91° (homogeneous) 


= 


Maximum [M]5 = +6.3° (homogeneous) 
3.965 mg. substance: 10.235 mg. CO, and 4.840 mg. H.O 
CeHi,O. Calculated. C 70.5, H 13.8 
102.1 Found. “70.4, 13.7 


Dextro Acetate of 2,3-Dimethyl Butanol-1 


4 gm. of 2,3-dimethyl butanol-1 ({M]” = +1.90° (homogene- 
ous) ) were dissolved in a mixture of 8 gm. of acetic anhydride 
with 8 gm. of pyridine. The product was isolated and purified 
as usual. B.p. 147°. Yield 3 gm. 
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+-2.35° 


1X 0.885 +2.7°; [MJ], = +3.8° (homogeneous) 


lal; = 


4.240 mg. substance: 10.390 mg. CO, and 4.130 mg. H,O 
Calculated. C 66.6, H 11.2 


144.1 Found. 66.8, 10.9 
CH; 
Dextro-1-Bromo-2 ,3-Dimethylbutane CH —CH—CH,Br 
CHy dy, 


To 80 gm. of 2,3-dimethyl butanol-1 ({M]” = +0.64° (homo- 
geneous)) were added 200 gm. of phosphorus tribromide. The 
product was heated on a steam bath for 1 hour and then poured 
onto ice. The bromide was purified by shaking successively with 
cold concentrated sulfuric acid, sodium carbonate solution, and 
water. B.p.140° at 760mm. D 25/4 = 1.190. 


+2.25° 


ix 1.190 = +1.9°; [MJ> = +3.1° (homogeneous) 


lalp = 


Maximum [M], = +30.6° (homogeneous) 
3.315 mg. substance: 5.250 mg. COs and 2.480 mg. H.O 
CeHi:Br. Calculated. C 43.6, H 7.9 


165.0 Found. 43.2, 8.4 
CH; 
Dextro-Methylisopropylpropionic Acid —CH,COOH 


Carbon dioxide was passed into a Grignard reagent prepared 
from 60 gm. of 1-bromo-2,3-dimethylbutane ({[M]” = +3.12° 
(homogeneous)) and 10 gm. of magnesium in dry ether. The 
product was decomposed by ice and acid, the organic acid ex- 
tracted with ether, and purified through its sodium salt. B.p. 
109° at 14mm. D 25/4 = 0.921. 


+1.18° 


+1.3°; = +1.7° (homogeneous) 


[a] = 


Maximum [M];, = +16.6° (homogeneous) 

3.950 mg. substance: 9.300 mg. CO, and 3.725 mg. H.O 
Calculated. C 64.6, 10.8 
130.1 Found. 64.2, 10.6 
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Dextro Ethyl Ester of Methylisopropylpropionic Acid 
CHs 
CH, 

35 gm. of methylisopropylpropionic acid ({M]? = +1.7° 
(homogeneous)) were dissolved in 75 ce. of absolute alcohol and 
3 ee. of concentrated sulfuric acid were added. After refluxing 
during 1 hour, ice was added, the ester extracted with ether, and 


the ethereal solution shaken with sodium carbonate solution. 
B.p. 165° at 760 mm. Yield 35 gm. D 25/4 = 0.869. 


+1.15° 
1 X 0.869 


= +1.3°; = +2.1° (homogencous) 


= 


Maximum = +20.5° (homogeneous) 
3.996 mg. substance: 9.956 mg. CO, and 4.135 mg. H.O 
Calculated. C 68.3, H 11.5 


158.1 Found. “ 68.0, 11.6 
C'Hs 
Dextro-3 ,4-Dimethyl-1-Pentanol Seu —CH- —CH.—CH.OH 
| 
CHs OH, 


35 gm. of ethyl ester of methylisopropylpropionic acid ({M] > = 
+2.1° (homogeneous)) were dissolved in 125 ee. of absolute alcohol 
and the solution slowly dropped into a suspension of 60 gm. of 
sodium in 200 ec. of boiling toluene with stirring. The carbinol 
was isolated through its phthalic ester as previously described. 
B.p. 164° at 760 mm. 


+2.30° 
1 X 0.828 


= +2.8°; [M|> = +3.2° (homogencous) 


lalp = 


Maximum = +31.2° (homogeneous) 
3.471 mg. substance: 9.230 mg. CO, and 4.250 mg. H2O 
C;H,.O. Calculated. C 72.4, H 13.9 
116.1 Found. 72.5, 13.7 


CH; 
Dextro-1-Bromo-3-I sopropylbutane » H—CH—-CH.CH,Br 
Om 
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22 gm. of 3,4-dimethy] pentanol-1 ({M]” = +3.2° (homoge- 
neous)) were cooled and 50 gm. of phosphorus tribromide were 
added. The product was heated during 1 hour on a steam bath 
and then poured onto ice. The bromide was purified as pre- 
viously described. B.p. 162° at 760mm. Yield 24gm. D 29/4 
= 1.109. 


+3.62° 
1 X 1.109 


= +3.3°; [Mlp = +5.8° (homogeneous) 


= 


Maximum [M]; = +56.6° (homogeneous) 
3.590 mg. substance: 6.250 mg. CO. and 2.785 mg. H.O 


3.835 :4.040 “ AgBr 
C7;HisBr. Calculated. C 46.9, H 8.5, Br 44.7 
179.0 Found. “47.5, °° 8.7, 44.8 
CH; 
Methylethylisopropylmethane cH 5 
| 
Cis 


A Grignard reagent was prepared from 24 gm. of 1-bromo-3- 
isopropylbutane ([M]” = +5.8° (homogeneous)) and 4 gm. of 
magnesium in dry ether. This was poured onto ice and the ether 
evaporated off. The residue was shaken with concentrated 
sulfuric acid, washed with sodium carbonate solution, and then 
shaken with platinum oxide and hydrogen under a pressure of 45 
pounds per sq. inch. It was then distilled from sodium. B.p. 90°. 
D 21/4 = 0.695. 


2.03° 
lalp = on 


1 X 0.695 


= +2.9°; IM]p = +2.9° (homogeneous) 


Maximum = +28.3° (homogeneous) 

3.135 mg. substance: 9.625 mg. CO, and 4.520 mg. H.O 
Calculated. C 83.9, H 16.1 
100.1 Found. 


Methylisopropylbutyric Acid-—18 gm. of methylisopropylpropy] 
bromide (a2? = —4.70° (homogeneous)) were dropped into 3 gm. 
of magnesium turnings in 60 cc. of dry ether. The solution was 
refluxed for 10 minutes, then cooled in an ice-aleohol mixture to 
—15°. Dry CO, was passed for 1 hour into the solution, which was 
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then poured into ice and sulfuric acid. The acid was exhaustively 
extracted with ether and purified through its sodium salt. B.p. 
92° at 1mm. D 25/4 = 0.912. n> = 1.4278. Yield 8.5 gm. 


= = —1.26° (homogeneous) ; [M|> = 1.82° 
Maximum [M]> = —13.7° 
0.1063 gm. substance: 10.62 ce. 0.1 N NaOH; mol. wt., 144.4 
4.625 mg. ss : 11.300 mg. CO, and 4.585 mg. H.O 
CsHicO2.. Calculated. C 66.6], H 11.19 
144.1 Found. 66.62, 11.09 


Methylisobutylacetic Acid Iso CysHg—CH-—-COOH 
| 
CH; 


The inactive acid, prepared by means of the malonic ester 
synthesis, was dissolved in boiling acetone and 1 equivalent of 
cinchonidine added. The salt crystallized on cooling to —10° 
in the refrigerator. After ten recrystallizations a maximum 
specific rotation was reached. The acid was liberated from the 
cinchonidine salt and distilled. B.p. 117° at 17mm. D 31/4 = 
0.899. 


—12.4° 
= —13.8° (homogeneous) 
Maximum [M]}, = —18.1° (homogeneous) 


3.344 mg. substance: 7.900 mg. CO2z and 3.230 mg. HO 
C7H,,O2. Calculated. C 64.6, H 10.8 
130.1 Found. ** 64.4, 10.7 


Kthyl Ester of Methylisobutylacetic Acid Iso Cyl1y—CH—COOC LH; 
CH; 


150 gm. of methylisobutylacetic acid ({M]}’ = +2.0° (homo- 
geneous)) were dissolved in 200 ce. of absolute alcohol and 20 cc. 
of concentrated sulfuric acid were added. After refluxing during 
30 minutes the ester was isolated as usual. B.p. 164° at 760 mm. 
Yield 160 gm. D 28/4 = 0.855. 


z 
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+1.30° 
1 X 0.855 = +1.5°; [MJ], = + 2.40° (homogeneous) 


lalp = 


Maximum [M]p5 = +21.5° (homogeneous) 

3.275 mg. substance: 8.225 mg. CO, and 3.355 mg. H,O 
Calculated. C 68 .3, H 11.5 
158.1 Found. ** 68.5, 11.5 


Methylisobutyl Ethanol Iso CysH y--CH—CH,.OH 
| 
CH; 


150 gm. of ethyl ester of methylisobutylacetic acid ({M]*8 = 
+2.40° (homogeneous)) were reduced, in small quantities, by 
sodium in toluene and alcohol. The product boiled at 157° at 


760mm. D 25/4 = 0.816. 


—0.90° 
lal —1.1°; [MIS = —1.3° (homogeneous) 


~ 1X 0.816 


Maximum = —10.8° (homogeneous) 

2.820 mg. substance: 7.495 mg. CO: and 3.470 mg. H,O0 
C;Hi,O. Calculated. C 72.4, H 13.9 
116.1. Found. “72.5, 13.8 


Methylisobutylethyl Bromide Iso CyH 
CHs 


15 gm. of methylisobutyl ethanol ([M]? = —1.21° (homo- 
geneous) ) were converted into the bromide by means of 25 gm. 
of phosphorus tribromide. The product boiled at 68° at 30 mm. 


Yield 12.5 gm. 


—0.50° 


1x 1.119 —0.79° (homogeneous) 


—().44°; [MIB 


= 


Maximum = —7.5° 
5.960 mg. substance: 10.300 mg. CO, and 4.570 mg. H,O 
C;Hi;Br. Caleulated. C 46.9, H 8.5 
179.0 Found. ‘* 47.1, ** 8.6 


Methylisobutylpropionice Acid Iso Cyl ,—--CH—CH,COOH 
CH; 


y 
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A Grignard reagent was prepared from 10 gm. of methyliso- 
butylethyl bromide (a = —0.50° (homogeneous)) and 1.8 gm. of 
magnesium. Carbon dioxide was passed into the ethereal solu- 
tion. The acid was isolated and purified (2 = —0.68°). As the 
propionic acid derivatives had been previously prepared, this was 
performed merely for correlation of the acetic to the propionic 
series. B.p.91° at 1mm. D 25/4 = 0.9012 (corrected). 


—0.68° 
lalp = = —0.75°; [Mlp = —1.1° (homogeneous) 


1X 0.901 


4.326 mg. substance: 10.600 mg. COz and 4.360 mg. H,O 
Calculated. C 66.6, H 11.2 
144.1 Found. 66.8, 11.3 
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In recent years physiological activity has been attributed to 
ribonucleotides, particularly to those of the type of muscle adenylic 
acid. Hence the synthesis of these substances may have not only a 
theoretical but also a practical interest. 

The complete synthesis of a nucleotide requires first, the synthe- 
sis of the parent nucleoside, and second, the introduction of the 
phosphoric acid residue into the nucleoside in a definite, desired 
position. Each of these two steps is a separate problem in itself 
and one naturally selects the easier for a beginning. Thus the 
present communication deals with the synthesis of muscle inosinic 
acid starting from inosine. The theoretical significance of the 
synthesis lies in the final evidence it furnishes for the structure 
developed for the substance in recent years by analytical methods. 

Muscle inosinic acid, the first nucleotide to be discovered, was 
isolated from beef extract by Liebig! in 1847. On hydrolysis with 
0.1 N hydrochloric acid during 1 hour at 100° it is hydrolyzed to 
hypoxanthine and 5-phospho-ribose. The identity of the latter 
has been established by the following facts. On glycoside forma- 
tion only the furanoside is formed; on reduction it yields an opti- 
cally active phospho-ribitol; on oxidation it gives a phospho 
y-ribonolactone; and finally, it has been synthesized? in a manner 
which could leave little doubt as to its structure. 

There is therefore good reason to believe that muscle inosinic 
acid is hypoxanthine 5-phosphoriboside, but it seemed desirable to 
substantiate this formulation by synthesis since migration of the 

' Liebig, J., Ann. Chem., 62, 257 (1847). 

2 Levene, P. A., and Stiller, E. T., J. Biol. Chem., 104, 299 (1934). 
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phosphory] group, during hydrolysis of the hypoxanthine residue, 
might possibly have occurred. 

Final and conclusive evidence that muscle inosinic acid has the 
above structure has now been obtained by synthesizing hypoxan- 
thine 5-phosphoribofuranoside. It was found to be identical with 
muscle inosinic acid. The substance was prepared through the 
phosphorylation of monoacetone inosine. 
~ Repeated attempts to prepare monoacetone inosine by the 
method used for forming monoacetone uridine’ gave in each experi- 
ment only a minute yield of the product. Sufficient substance was 
finally accumulated to show that the difficulty is occasioned by 
the very low solubility of monoacetone inosine in cold acetone. 
Hence a different method of preparation was sought. A highly 
satisfactory procedure was finally developed by suitably modifying 
the method employed by Fischer* for the synthesis of a number of 
isopropylidene derivatives of sugars. 

The structure of monoacetone inosine was now studied. The 
substance was treated with a slight excess (1.1 moles) of p-toluene 
sulfonyl chloride in pyridine to give monotosyl monoacetone 
inosine. Since this compound readily reacts with sodium iodide 
in acetone to give mono-iodo monoacetone inosine, it follows that 
the tosyl group is at position (5). 

Hence, knowing that inosine is a ribofuranoside® and that posi- 
tion (4) is therefore engaged by the oxide ring, it follows that 
monoacetone inosine is 2,3-isopropylidene hypoxanthine-ribofu- 
ranoside. Thus only the hydroxyl] group at position (5) is free. 

Monoacetone inosine was phosphorylated by treatment with 
phosphorus oxychloride in pyridine and the resulting 5-phospho 
2 ,3-monoacetone inosine was cautiously hydrolyzed with 0.05 Nn 
hydrochloric acid at room temperature during 5 hours. Muscle 
inosinic acid is not hydrolyzed under these conditions. 

The resulting 5-phospho inosine was isolated as the crystalline 
barium salt. Its crystalline form was identical with that of the 
barium salt of natural muscle inosinic acid.!"* The specific rota- 
tions of the natural and synthetic materials were also identical. 


3 Levene, P. A., and Tipson, R. 8., J. Biol. Chem., 106, 113 (1934). 
4 Fischer, H. O. L., and Taube, C., Ber. chem. Ges., 60, 485 (1927). 

> Levene, P. A., and Tipson, R.8., J. Biol. Chem., 94, 809 (1931-32). 
6 Haiser, I°., Wonatsh. Chem., 16, 190 (1895). 
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Thus final evidence is furnished that muscle inosinie acid is 5- 
phospho inosine. 


C;H;0 Na C;H 30N 4 


| 
H-C H-C 
| 
CH; H-C-O CH; 
H-C-0% CH; CH; 
| 
H-C H-C 
| | 
CH:0H CH:20-SO2-C;H; 
Monoacetone inosine 5-Tosyl monoacetone inosine 
| | 
C,H;0N 4 C;H 30N 4 
| 
H-C H-C 
| | 
H-C-O CH; | H-C-O CH; 
| Se O | >A O 
H-C H; H-C-O CH; 
| | 
H-C 
OH CH:-I 
CH.20- P==O 
OH 
5-Phospho monoacetone inosine 5-Iodo monoacetone inosine 
EXPERIMENTAL 


By the following simple procedure a practically quantitative 
yield of pure inosine may be prepared from adenosine in a much 
shorter working time than is required for either of the methods’ 
previously described. ‘The yield of crude inosine isolated by Dixon 
and Lemberg amounted to only 37 per cent of the theoretical. 


7 Levene, P. A., and Jacobs, W. A., Ber. chem. Ges., 43, 3150 (1910). 
Dixon, M., and Lemberg, R., Biochem. J., 28, 2065 (1934). 
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The adenosine was first recrystallized in the following manner. 
Dry, crude adenosine (28 gm.) was dissolved in 100 ce. of boiling 
water under a reflux condenser and the hot solution filtered. On 
cooling to room temperature, the filtrate deposited 18 gm. of 
adenosine. The mother liquor was evaporated to dryness, the 
product dissolved in 50 cc. of boiling water, and on cooling in the 
refrigerator the solution deposited 9 gm. of adenosine. 

Preparation of Inosine—10 gm. of dry, recrystallized adenosine 
were dissolved in 500 cc. of distilled water by heating to 70° and 
21 gm. of barium nitrite monohydrate were added to the hot solu- 
tion, with gentle shaking until dissolved. The solution was now 
cooled to 25° by immersion in ice water (the adenosine remaining 
in solution) and 15 ce. of glacial acetic acid were added in one © 
portion to the solution at room temperature. After standing at 
room temperature during several days, preferably in the dark and 
with the exclusion of dust, the solution contained no amino 
nitrogen. 

The solution was now evaporated under diminished pressure at 
35° to a volume of 65 cc. and allowed to stand in the refrigerator 
overnight. The inosine which had crystallized out was filtered off 
and recrystallized from 3 times its weight of hot water. 

The inosine remaining in the combined mother liquors was 
isolated as follows: Dilute sulfuric acid was cautiously added until 
the solution was slightly acid to Congo red and then barium 
hydroxide solution was immediately added until this mineral 
acidity was exactly neutralized. The barium sulfate was removed 
by centrifuging, washed by centrifuging with warm water, and the 
combined solution and washings evaporated to dryness under 
diminished pressure. ‘The product was dissolved in the minimum 
quantity of hot water and on cooling a further crop of inosine was 
deposited. 

The remaining traces of inosine, which could not be separated 
from the barium salts in this manner, were isolated by treating the 
barium salts accumulated from several preparations with boiling 
acetic anhydride.? The triacetyl inosine formed was deacetylated 
in the usual way, and the inosine recrystallized from 3 times its 
weight of water. 7 


8 Haiser, F’., and Wenzel, F., Monatsh. Chem., 29, 157 (1908). 
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The total yield of pure inosine was almost quantitative. 

Oceasion was taken to determine some of the properties of tri- 
acetyl inosine. I[t had a sharp melting point of 239° (with no 
decomposition) and, on cooling, the molten material crystallized 
to a solid having the same melting point. It was very soluble in 
cold chloroform, pyridine, or glacial acetic acid; fairly soluble in 
cold and soluble in hot absolute methyl alcohol, absolute ethyl 
alcohol, acetone, ethyl acetate, or water; fairly soluble in cold or 
hot benzene; sparingly soluble in cold or hot carbon tetrachloride ; 
and insoluble in cold or hot pentane or heptane. __ 

After drying at 60° and 15 mm. its composition was as follows: 


4.420 mg. substance: 7.910 mg. COz and 1.900 mg. H.O 


3.892 ‘ ” : 0.498 ec. No (759 mm. at 30°) 
CisHisOsN4. Calculated. C 48.71, H 4.6, N 14.22 
Found. 48.80, 4.8, 14.39 


Its specific rotation was as follows: 


—0.82° X 100 
lal, = = —38.3° (in chloroform) 


Preparation of Monoacetone Inosine—20 gm. of granulated, 
anhydrous zine chloride (analytical reagent) were quickly trans- 
ferred to a tared flask and treated with 500 cc. of acetone (analyt- 
ical reagent). The small amount of white insoluble material was 
filtered off and to the clear, colorless filtrate were added 5 gm. of 
dry, very finely powdered inosine. 

The suspension was boiled under a reflux condenser, closed by a 
calcium chloride tube, until all the inosine had dissolved (about 3 
hours). The clear, pale yellow solution was allowed to stand over- 
night at room temperature with the exclusion of atmospheric 
moisture and was then evaporated under diminished pressure to a 
volume of 60 cc. Dry ether (250 cc.) was now cautiously added 
with shaking and the white flocculent precipitate filtered off, well 
washed with dry ether, and dried in the vacuum desiccator. 
Weight, 7.5 gm. It was a white powder which was not hygro- 
scopic. 

The acetone-ether mother liquor was evaporated to dryness and 
dried under a high vacuum, giving a thick gum weighing about 
19.59m. This was shaken with 500 ec. of dry ether and the white 
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flocculent precipitate filtered off, washed with dry ether, and dried 
in the vacuum desiccator. Weight, 3 gm. 

No attempt was made to purify the ether-insoluble material, 
since it was but an intermediate. It had a composition agreeing 
approximately with that required for a 1:1 compound of acetone 
inosine with zine chloride. 


5.600 mg. substance 0.632 cc. N2 (756 mm. at 24°) 


10.400 ‘‘ 6 : 4.700 mg. AgCl 

12.980 ‘‘ : 2.180 ZnO 
Calculated. N 12.61, Cl 15.96, Zn 14.71 
Found. 12.89, 11.18, 13.49 


The two portions of ether-insoluble material (10.5 gm.) were 
united and dissolved in 170 cc. of distilled water, giving a colorless 
solution which was neutral to Congo red but acid to litmus. A 
boiling, saturated aqueous solution of barium hydroxide was now 
rapidly added, with shaking, until the precipitate which first 
formed had just redissolved. (In later preparations the barium 
hydroxide solution was added directly to the solid material in order 
to avoid the possibility of slight hydrolysis of the acetone residue.) 

A few drops of octyl aleohol were now added and then carbon 
dioxide was passed into the solution until it was neutral to litmus. 
The precipitate, which was readily filtered off, was air-dried and 
extracted with boiling absolute methyl alcohol and then with 
boiling water. The filtrate and extracts were combined and 
evaporated to dryness, a little octyl aleoho] being added from time 
to time to prevent frothing. ‘The white powdery product was now 
repeatedly extracted with boiling acetone (analytical reagent) 
under a reflux condenser. The acetone extracts were combined 
and evaporated to dryness under diminished pressure, giving a 
colorless crystalline mass of monoacetone inosine. Yield, 3 gm. 
(52 per cent of the theoretical). 

The acetone-insoluble substance consisted of a mixture of barium 
chloride with unchanged inosine. The inosine was readily re- 
covered by boiling with acetic anhydride and deacetylating the 
triacetyl inosine in the usual manner. 

Monoacetone inosine was recrystallized from absolute methy] 
alcohol, giving colorless needles melting with decomposition at 
240-245° (with softening at 225°). It is soluble in cold pyridine 


( 
! 
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or glacial acetic acid; sparingly soluble in cold but readily soluble 
in hot absolute methyl alcohol, absolute ethyl alcohol, ethyl 
acetate or water; sparingly soluble in cold but fairly soluble in 
hot acetone or chloroform; insoluble in cold and only very sparingly 
soluble in hot carbon tetrachloride, benzene, or heptane; and in- 
soluble in cold or hot pentane. 

It had the following composition. 


4.320 mg. substance: 7.990 mg. COs and 2.000 mg. H.O 


4.380 : 0.686 ec. Nz (763 mm. at 24°). 
Caleulated. C 50.62, H 5.2, N 18.18 
Found. “50.44, 5.2, 18.07 


It displayed the following specific rotations. 


70.802 100 


laj, = —69.2° (in absolute methyl! alcohol) 
—L81° X 100 
= —88.0° (in pyridine) 


Preparation of 5-Tosyl Monoacetone Inosine—1 gm. of dry, 
recrystallized monoacetone inosine was dissolved in 25 ec. of dry 
pyridine, 0.7 gm. (1.1 moles) of tosy] chloride was added, and the 
mixture shaken until the chloride had dissolved. After standing 
overnight at room temperature, with the exclusion of atmospheric 
moisture, 0.5 cc. of water was added to the brown solution. The 
resulting solution was kept at room temperature during 30 minutes 
and then a cold, saturated aqueous solution of sodium bicarbonate 
was added until there was no more effervescence and the solution 
was alkaline to litmus. 

The solution was now extracted three times with chloroform, 
the chloroform extracts united, dried with anhydrous sodium 
sulfate, filtered, and the filtrate evaporated to dryness, giving a 
crystalline mass. Weight, 1.5 gm. 

The product was readily recrystallized from acetone or absolute 
methyl aleohol, giving colorless crystals, m.p. 185-186°. The 
crystalline substance was soluble in cold absolute methyl] alcohol, 
acetone, chloroform, pyridine, ethy] acetate, or glacial acetic acid. 
It was fairly soluble in cold and soluble in hot absolute ethyl 
aeohol; fairly soluble in cold or hot benzene; very sparingly soluble 
in cold and sparingly soluble in hot dry ether; insoluble in cold 
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but fairly soluble in hot water; very sparing)y soluble in cold or hot 
carbon tetrachloride; insoluble in cold and only very sparingly 
soluble in hot pentane or heptane. 

Its composition was as follows: 


4.748 mg. substance: 9.022 mg. CO. and 2.100 mg. HO 


5.680 ‘ sia : 0.606 cc. Nz (759 mm. at 29°) 
8.405 ‘ i : 4.255 mg. BaSO, 
CopH2207N,8. Calculated. C 51.92, H 4.8, N 12.12, S 6.94 
Found. 51.82, 5.0, 12.08, ‘66.95 


It had the following specific rotation. 


+0.53° X 100 


2x 0.738.” 125-9° (in pyridine) 


[elp = 


A portion of the substance was treated with an equal weight of 
sodium iodide in acetone in a sealed tube at 100° during 2 hours. 
The sodium p-toluene sulfonate which settled out was then filtered 
off, washed with a little acetone, dried, and weighed. Yield, 
almost quantitative. 

Phosphorylation of Monoacetone Inosine—To a solution of 1 ce. 
of phosphorus oxychloride in 5 ce. of dry pyridine cooled to —40° 
was added a solution of 3 gm. of dry, recrystallized monoacetone 
inosine in 100 cc. of dry pyridine cooled to —30°. The mixture 
was stirred, cooled to —35°, and then aJlowed to stand in an ice- 
salt bath at —10° to —15° during 2 hours. It was now recooled 
to —35° and 10 ec. of cold 90 per cent aqueous pyridine were 
added dropwise, with vigorous stirring and cooling to prevent the 
temperature from rising above — 20°. 

Chopped ice and 20 cc. of ice water were now added, followed by 
cold, saturated barium hydroxide solution until the solution was 
faintly alkaline to thymolphthalein. On evaporating somewhat 
under diminished pressure, a white precipitate (8 gm. when dry), 
consisting of the barium salt of phospho monoacetone inosine 
mixed with a little barium phosphate, settled out and was sepa- 
rated by centrifuging. 

The solution was evaporated to dryness, giving a white powder 
which was dissolved in 50 ec. of water. 50 cc. of absolute ethyl 
alcohol were added to the solution, giving a second precipitate 
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which was dried by washing successively with 50 per cent ethy] 
alcohol, 95 per cent ethyl alcohol, acetone, and dry ether. It was 
then dried in a vacuum desiccator. Weight, 1 gm. This white 
powdery material was dried at 100° and 15 mm. over phosphorus 
pentoxide during 24 hours and then had the following analysis. 


6.085 mg. substance: 0.568 ec. N» (758 mm. at 22°) 


6.120 ‘ = : 24.590 mg. ammonium phosphomolybdate 
14.580 : 5.790 BaSO, 
CisHiOsN,PBa. Calculated. N 10.70, P 5.93, Ba 26.24 
Found. 10.77, 5.84, 23.37 


It was readily obtained crystalline by dissolving in the minimum 
of distilled water at 70°. On cooling and evaporating somewhat 
in the vacuum desiccator it was obtained as colorless needles 
having 3.5 molecules of water of crystallization. 


15.100 mg. substance: 1.700 mg. HO 
Calculated, H.O 10.8; found, H.O 11.2 


After drying the crystalline substance at 100° and 15 mm. over 
phosphorus pentoxide during 24 hours it had the following analysis. 


6.700 mg. substance: 0.629 ec. Nz (757 mm. at 28°) 


6.090 ‘ ” : 25.320 mg. ammonium phosphomolybdate 
18.210 ‘ : 8.210 BaSO, 
CisHi;0sNsPBa. Calculated. N 10.70, P 5.93, Ba 26.24 
Found. 10.59, 6.038, 26.53 


Hydrolysis of Barium Acetone Inosine 5-Phosphate—A specimen 
of natural erystalline barium inosinate from muscle was not 
hydrolyzed during 9 days at room temperature in the presence of 
an effective mineral acidity of 0.05 N hydrochloric acid. 
0.1547 gm. of air-dried barium inosinate was weighed out, 
dissolved in 0.10 N hydrochloric acid, and the solution rapidly 
diluted to 10 ce. with 0.10 N hydrochloric acid. The solution 
showed the following specific rotation, calculated as free inosinic 
acid. 


—0.64° X 100 
: = = -—36.8° (5 minutes after dissolution; unchanged 
Xx 0.870 after 9 days at room temperature) 


= 
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The value is in good agreement with that given by Levene ef al.° 
for inosinie acid at pH 1.57; namely, [a]? = —37.9° (calculated, 
[a]** = —31.0° at pH 0). 

Under the same conditions of effective mineral acidity, a solution 
of anhydrous synthetic barium acetone inosine phosphate (0.1309 
gm.) had a specific rotation, calculated as free inosinic acid, of 


—1.18° X 100 
la] = = —67.8° (10 minutes after dissolution) 


2 X 0.870 


changing to —39° after 5 hours at room temperature. 

Accordingly, 1.31 gm. of anhydrous barium acetone inosine 
phosphate were dissolved in 100 cc. of 0.10 N hydrochloric acid. 
The solution was allowed to stand at room temperature during 5 
hours and was then rendered neutral to Congo red by addition of 
finely powdered barium carbonate. Excess barium carbonate 
was now added and the mixture warmed in a bath at 60°. The 
mixture was now filtered and the filtrate rendered exactly neutral 
to litmus by the addition of a few drops of cold saturated barium 
hydroxide solution. 

On evaporating the solution to 50 ec. under diminished pressure 
at 30°, barium inosine phosphate crystallized out. It was filtered 
off and recrystallized by dissolving in 50 ec. of water at 70°. On 
cooling to room temperature it crystallized spontaneously in four- 
sided platelets, identical in appearance with natural muscle barium 
inosinate. Air-dried in the presence of water vapor at room tem- 
perature (27-—30°), it had an analysis corresponding approximately 
to the presence of 7.5 molecules of water of crystallization. 


10.720 mg. substance: 2.200 mg. H.O 
Calculated, H,O 21.84; found, 20.52 


After drying at 100° and 15 mm. over phosphorus pentoxide 
during 48 hours the substance had the following analysis. 


7.305 mg. pitinkininns* 0.764 cc. Nz (758 mm. at 27°) 


4.721 : 21.150 mg. ammonium phosphomolybdate 

9.500 ‘ : 4.558 “ BaSO, 
CioHH 1 Calculated. N 11.59, P 6.42, Ba 28.41 
Found. “ 11.87, 6.50, 28.23 


* Levene, P. A., Simms, H. 8., and Bass, L. W., J. Brol. Chem., 70, 243 
(1926). 
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A quantity (0.1547 gm.) of the crystalline, air-dried material 
was weighed out, dissolved in 0.10 N hydrochloric acid, and the 
solution rapidly diluted to 10 ec. with 0.10 N hydrochlorie acid. 
The solution showed the following specific rotation, caleulated as 
free inosinic acid. 


—0.64° X 100 
2 X 0.870 


= —36.8° 


= 


The rotation remained unchanged after 3 days at room tempera- 
ture. 
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There are theoretically possible eight pentomethyloses and of 
this number five have been prepared to date. None of this group 
of sugars has as yet been found in nature and those known have 
come into existence through synthesis. 

The methods formerly employed in the preparation of the sugars 
of this group have depended entirely upon the degradation of the 
higher aldopentoses. Thus, l-arabomethylose,!-! d-arabometh- 
ylose,* d-lyxomethylose,> and d-ribomethylose* have been pre- 
pared. However, of this number only sirupy l-arabomethylose 
has been definitely isolated. The remaining sugars, prepared 
only in solution, were characterized by means of their p-bromo- 
phenylosazone or phenylosazone derivatives. 

In the present communication a fourth general method of obtain- 
ing the pentomethyloses from the pentoses, in a manner similar 
to that previously employed in the preparation of certain hexo- 
methyloses* from the hexoses, is described. The method consists 
essentially in the catalytic reduction of the w-halogen aldose 
derivative to the corresponding aldomethylose. The success of 
the method obviously depends on reliable methods of substituting 
the primary hydroxyl group in the sugar molecule with a reactive 
halogen, and this has been accomplished in the case of d-xylo- 


! Fischer, K., Ber. chem. Ges., 29, 1380 (1896). 

* Deulofeu, V., J. Chem. Soc., 2605 (1930). 

3 Ruff, O., Ber. chem. Ges., 35, 2362 (1902). Swan, D.R., and Evans, 
W.L., J. Am. Chem. Soc., 67, 200 (1935). 

4 Micheel, F., Ber. chem. Ges., 63, 357 (1930). 

» Votoéek, E., Ber. chem. Ges., 60, 40 (1917). 

‘Cf. Freudenberg, K., and Raschig, K., Ber. chem. Ges., 62, 373 (1929). 
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methylose by the action of sodium iodide in acetone upon 5-tosy] 
monoacetone d-xylose.’. Oldham and Rutherford*® have shown 
that the latter reagent acts preferentially on primary tosyl sugar 
esters. The reduction of 5-iodo monoacetone xylose,’ in the 
presence of Raney’s catalyst and aqueous alkali proceeds smoothly 
and is quantitatively complete after about 30 minutes. The 
monoacetone xylomethylose is a beautifully crystalline compound 
with a melting point of 69-70°, which, on acid hydrolysis, yields 
quantitatively sirupy d-xylomethylose, [a]?4 = +13.26° in water. 
The sugar reduces boiling Fehling’s solution strongly and has a 
faint sweet taste when pure. 

There are theoretically possible four pentomethyloses (of the d 
l series respectively) but in each series two epimeric sugars form 
identical phenylosazones. The melting points of p-bromophenyl- 
and phenylosazones of d-xylomethylose prepared by us are 175-— 
176° and 179—180° respectively. Votoéek® has previously described 
the p-bromophenylosazone of lyxomethylose as having a melting 
point of 143-144°, which should be identical with that of the 
xylomethylose derivative. The low melting point reported by 
this author is inexplicable, since the substances reported here have 
been shown by analysis to be pure; and from analogy with arabo- 
and ribomethylosazones, our figures are more in accordance with 
the predictable melting points. 

Tosylation of monoacetone xylomethylose leads to the produc- 
tion of crystalline 3-tosyl monoacetone xylomethylose, m.p. 41—42°. 
Quite recently’ a case was reported in which alkaline detosylation 
of a tosyl sugar ester supposedly resulted in a Walden inversion on 
the carbon atom involved. Because of this statement the alkaline 
hydrolysis of this compound was studied. It was found that 
alkaline detosylation proceeded easily to yield quantitatively 
monoacetone xylomethylose. Thus, no indication of a Walden 
inversion was fyund in the case of this sugar. 

Acetylation ‘of monoacetone xylomethylose with acetic an- 
hydride in the presence of pyridine yields 3-acetyl monoacetone 
xylomethylose, whereas d-xylomethylose under similar conditions 


7 Levene, P. A., and Raymond, A. L., J. Biol. Chem., 102, 317 (1933). 
’ Oldham, J. W. H., and Rutherford, J. K., J. Am. Chem. Soc., 64, 366 


(1932). 
* Muskat, [. k., J. Am. Chem. Soc., 57, 2653 (1934). 


P. A. Levene and J. Compton 327 


yields triacetyl xylomethylose. Both of these compounds are 
clear mobile sirups, the former with a boiling point at 79-80° at 
().2 mm. and the latter at 105-106° at 0.3 mm. 

d-Xylomethylose reacts with 1 mole of p-bromophenylhydra- 
zine to form d-xylomethylose p-bromophenylhydrazone with a 
melting point of 69-70°, and specific rotation [a]*4 = —26.05° in 
dry pyridine. 

The application of the general method reported here for the 
production of pentomethyloses should make this group of sugars 
easily available for further research. 


EXPERIMENTAL 


j-I[odo Monoacetone d-Xylose—With slightly improved yield, 
5-iodo monoacetone xylose was prepared, essentially according to 
the procedure of Levene and Raymond’ from 5-tosyl monoacetone 
d-xylose. 

50 gm. of 5-tosyl monoacetone d-xylose (m.p. 133-134°) were 
dissolved in 250 ce. of acetone (c.p.), and 50 gm. of sodium iodide 
dissolved in an equal volume of acetone were added. The mixture 
was placed in a Pyrex pressure bottle and heated in an autoclave 
at 100° for 6 hours. After cooling, the sodium salts were filtered 
off, washed thoroughly with acetone, and the filtrate concentrated 
under diminished pressure. The last traces of acetone were 
removed by the repeated addition and distillation of chloroform. 
The erystalline mass resulting was then thoroughly extracted with 
warm chloroform and the sodium iodide filtered off. After drying 
thoroughly over calcium chloride the chloroform extract was 
treated with charcoal, filtered, and concentrated under diminished 
pressure to a thick sirup which crystallized completely. The 
solid mass was dissolved in hot ethyl acetate, filtered, and the 
filtrate diluted with pentane. After a short time the product 
crystallized in long silky needles melting at 109-110°. By further 
dilution of the mother liquor with pentane additional crops of 
crystals were obtained of the same melting point. Total yield, 
42.5 gm. (98 per cent of the theoretical). 

Monoacetone d-Xylomethylose—5-lodo monoacetone d-xylose 
(20 gm.) was dissolved in 150 ec. of absolute methyl] alcohol and a 
suspension of Raney’s catalyst in methyl alcohol added simulta- 
neously with 40 ee. of 10 per cent sodium hydroxide solution. 


» 
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Reduction was then carried out in the usual manner with an 
Adams reduction apparatus. The reaction was followed by 
observing the amount of hydrogen absorbed, and although reduc- 
tion was apparently complete after about 30 minutes, the time 
of shaking was extended to 60 minutes. 

The catalyst was now removed by filtration and the excess 
alkali neutralized with carbon dioxide. The solution was then 
evaporated to dryness at 40° under diminished pressure and the 
resulting material thoroughly extracted with ether. The ether 
extract, after drying over sodium sulfate, was concentrated under 
diminished pressure to a thin sirup which crystallized completely 
on cooling. The product thus obtained may be purified either by 
distillation under reduced pressure or recrystallization from ether- 
pentane, the former procedure being usually employed. Yield of 
purified product, 10.0 gm. with melting point at 69—70° and boiling 
point at 86-87° at 0.2mm. The specific rotations were as follows: 


—1.28° X 100 _ 


= —21.0° (in water) 
—1.11° 100 
= 2x = —18.2° (in u.s.p. chloroform) 


The composition agreed with that of a monoacetone pentometh- 
ylose. 


4.770 mg. substance: 9.600 mg. CO, and 3.420 mg. H,O 
CsH.,0,. Calculated. C 55.17, H 8.1 
174.0 Found. 54.88, 8.1 


The substance is quite soluble in water and in all the common 
organic solvents. 

3-Acetyl Monoacetone Xylomethylose—Monoacetone xylometh- 
ylose (1.3 gm.) was dissolved in 10 ec. of dry pyridine and 5 ce. of 
acetic anhydride were added to the solution in an ice bath. After 
thorough stirring the mixture was allowed to stand at room 
temperature overnight. 

The acetic anhydride was then decomposed by the addition of 
ice water and the product extracted with chloroform. The chloro- 
form extract was washed consecutively with ice-cold 5 per cent 
sulfuric acid, saturated sodium bicarbonate solution, and finally 
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ice water. After drying over anhydrous sodium sulfate and filter- 
ing, the chloroform extract was concentrated under diminished 
pressure to a thin sirup, which distilled completely under a high 
vacuum. B.p. 79-80° at 0.3 mm. Yield 1.5 gm.; n”, 1.4401. 
The specific rotation was 


+0.16° 100 


2 X 3.136 +2.55° (in u.s.p. chloroform) 


lalp = 


The composition of the substance agreed with that of a monoacetyl 
monoacetone pentomethylose. 


3.940 mg. substance: 8.015 mg. CO, and 2.730 mg. H.O 
i6Os. Calculated. C 55.55, H 7.36 
216.0 Found. 55.47, 

94.30 mg. substance required 4.55 cc. 0.1 N NaOH 

Calculated, 4.37 0.1‘ 


3-Tosyl Monoacetone Xylomethylose—Monoacetone xylomethy]- 
ose (1.0 gm.) was dissolved in 2 ec. of dry pyridine and 1.6 gm. of 
tosyl chloride added. Shaking was continued until solution was 
complete and the mixture was allowed to stand overnight at room 
temperature. 

Water (0.5 cc.) was then added, the solution shaken well, and 
allowed to stand 30 minutes. The mixture was then diluted with 
chloroform and shaken consecutively with ice-cold 5 per cent 
sulfurie acid, saturated sodium bicarbonate solution, and water. 
After drying over calcium chloride, the extract was concentrated 
under diminished pressure to a thick sirup which was dissolved in a 
large volume of pentane and allowed to evaporate slowly. The 
product crystallized completely. Yield, 1.5 gm. Reerystalliza- 
tion from pentane gave a constant melting point of 41-42°. The 
specific rotation was 


—1.09° X 100 


= —18.02° (in u.s.P. 
2X 3.024 8.02° (in u.s.P. chloroform) 


lalp = 


The composition agreed with that of a tosyl monoacetone pen- 
tomethylose. 


5.132 mg. substance: 10.325 mg. CO, and 2.810 mg. H.O 
6.195 : 4.320 “ BaSO, 
Calculated. C 54.87, H 6.09, S 9.75 
328 .0 Found. 54.86, 6.12, ‘69.60 
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The substance is very soluble in all the usual organic solvents, 
fairly soluble in hot pentane, and insoluble in water. 

Alkaline Hydrolysis of 3-Tosyl Monoacetone Xylomethylose— 
3-Tosyl monoacetone xylomethylose (1.0 gm.) was dissolved in 
35 ec. of hot methyl alcohol and 3.11 gm. (20 moles) of potassium 
hydroxide dissolved in 30 cc. of water were added. After being 
refluxed for 3 hours on the boiling water bath, hydrolysis was 
complete. The solution was cooled, the excess alkali neutralized 
with carbon dioxide, and evaporated to dryness at 40° under 
diminished pressure. 

The resulting solid was thoroughly extracted with hot ether 
and the extract, after drying over calcium chloride, concentrated 
under diminished pressure to a thin sirup. On cooling the sirup 
crystallized completely and was purified by distilling under a high 
vacuum. Yield, 0.45 gm. B.p. 85—86° at 0.3 mm.; m.p. 69-70°. 
A mixed melting point of this material with monoacetone xylo- 
methylose showed no depression. The specific rotation was also 
identical with that of monoacetone xylomethylose: 

lalp = = —18.1° (in u.s.p. chloroform) 
There is thus not the slightest indication that alkaline hydrolysis 
of 3-tosyl monoacetone xylomethylose leads to an _ inversion 
product. 

d-X ylomethylose-——-Monoacetone d-xylomethylose (5.0 gm.) was 
dissolved in 100 ce. of 1 per cent sulfuric acid and the solution 
heated on the water bath at 100° for 60 minutes. The initial spe- 


cific rotation of the solution ([a]?” = —18.2°) had changed at the 
end of this time to the constant value, [a]? = + 12.6°, indicating 
complete hydrolysis. 


The solution was cooled, the acid neutralized with excess barium 
carbonate, filtered, treated with charcoal, and again filtered. 
The clear filtrate thus obtained was concentrated under dimin- 
ished pressure at 40° to a thick sirup and dried by the repeated 
addition and distillation of absolute ethyl aleohol followed by dry 
benzene. 

The sirup thus obtained was purified by dissolving in absolute 
ethyl aleohol and precipitating the impurities by the addition of 
dry ether. After filtering, the solution was concentrated to a sirup 
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and the process repeated until a clear colorless product was ob- 
tained. The sirup was dried to constant weight over calcium 
chloride under reduced pressure. The product could not be induced 
to crystallize but the purity of the product was shown by analysis. 
Specific rotations of this material were: 
= 2X 3.468 2.16° (in absolute ethyl alcohol) 

+0.98° & 100 


2x 3.694. ~ 1/3-26° (in water) 


lalp = 


The composition agreed with that of a pentomethylose. 


4.844 mg. substance: 7.909 mg. CO, and 3.265 mg. H,O 
C5Hi0O4. Calculated. C 44.75, H 7.46 
134.0 Found. 44.52, 7.54 


The substance is very soluble in water, ethyl alcohol, pyridine, 
and acetie acid; slightly soluble in chloroform and_ benzene; 
insoluble in ether and pentane. 

d-X ylomethylose p-Bromophenylhydrazone—d-Xylomethylose 
(0.5 gm.) was dissolved in 5 ec. of absolute ethyl alcohol and 0.6 
gym. (1 mole) of p-bromophenylhydrazine dissolved in 5 ce. of 
absolute ethyl aleohol were added. After thorough stirring, the 
mixture was heated on the steam bath for about 15 minutes and 
then placed in a desiccator. After a short time the sirupy product 
crystallized completely. After one recrystallization from ethyl 
or isopropyl! alcohol a substance of constant melting point, 69—70°, 
was obtained. The product softens at 65° and decomposes at its 
melting point. The specific rotation of this material was 


—1.24° 100 
2x aos = —26.05° (in dry pyridine) 


lalp = 


The composition agreed with that of the p-bromophenylhydrazone 
of a pentomethylose. 


5.212 mg. substance: 8.368 mg. CO, and 2.390 mg. H.O 

5.810 : 0.462 cc. Nz (26° and 758 mm.) 

6.210 : 3.825 mg. AgBr 
(‘aleulated. C 43 .58, H 4.95, N 24, Br 26.37 
302.9 Found. 43.78, 5.13, 9.05, 26.21 
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d-X ylomethylose p-Bromophenylosazone—d-Xylomethylose (0.5 
gm.) was dissolved-in 50 ce. of water and 1.8 gm. (3 moles) of 
p-bromophenylhydrazine dissolved in 2 ec. of glacial acetie acid 
were added. After thorough stirring, the mixture was heated on a 
boiling water bath for 30 minutes, whereupon the osazone sepa- 
rated as a dark yellow viscous oil. On cooling, the product be- 
came more viscous but did not crystallize. However, after decant- 
ing the mother liquor, washing with cold water, and adding a few 
drops of methyl aleohol the product crystallized completely. By 
triturating the crystalline mass with cold methyl! alcohol, filtering 
immediately, and drying, a very pure product with a constant 
melting point was obtained. ‘The initial specifie rotation, 


+0.33° X 100 
lalp 
1 0.51 


= +64.7° (in pyridine-ethanol, 3: 2) 


changed after 18 hours to the constant value, 


0.15° X 100 
1X 0.51 


= 


The composition agreed with that of the p-bromophenylosazone 
of a pentomethylose. 


4.262 mg. substance: 0.450 cc. Nz (26° and 757 mm.) 
| ,O.N,Br.. Calculated. N 11.91 
470.01 Found. 12.00 


Triacetyl d-Xylomethylose—-d-Xylomethylose (2.0 gm.) was 
dissolved in 14 ee. of dry pyridine, cooled to 0°, and 7 ce. of acetic 
anhydride were added. After thorough stirring the mixture was 
allowed to stand at 0° for 1 hour, followed by 18 hours at room 
temperature. The acetic anhydride was now decomposed by the 
addition of 5 cc. of ice water. After standing for 30 minutes the 
solution was diluted with chloroform and the extract washed 
successively with ice-cold 5 per cent sulfuric acid, saturated 
sodium bicarbonate solution, and water. The chloroform extract, 
after drying over calcium chloride, was filtered and evaporated 
under diminished pressure to a thin sirup which distilled com- 
pletely under a high vacuum without decomposition. B.p. 105- 
106° at 0.3mm. The specific rotation was 
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+3.92° X 100 
2 X 3.220 


lalp = = +60.87° (in u.s.P. chloroform) 
n*4 1.4422. Yield, 2.3 gm. The composition agreed with that 
of a triacetyl pentomethylose. 


5.860 mg. substance: 10.900 mg. CO, and 3.230 mg. H,O 
Caleulated. C 50.76, H 6.16 
260.0 Found. ** 50.73, 6.15 

134.1 mg. substance required 15.30 cc. 0.1 N NaOH 

CsH7O,(COCHs)s. Calculated, 15.47 “ 0.1“ “ 


The substance is very soluble in all the usual organic solvents with 
the exception of pentane and is insoluble in water. 

d-Xylomethylose Phenylosazone—O0.5 gm. of triacetyl d-xylo- 
methylose was deacetylated by shaking with cold 10 per cent 
sodium hydroxide (10 cc.). The solution was then made acid 
with acetic acid and diluted to 30 cc. A solution of 0.6 gm. (3 
moles) of phenylhydrazine dissolved in 2 cc. of glacial acetic acid 
was then added and the mixture heated on the boiling water bath 
for 30 minutes with occasional stirring. At the end of this time 
the solution was cooled and the crystalline yellow flocks separating 
filtered off and washed with cold water. The mat of yellow crys- 
tals was transferred to a small dish, triturated with methyl alcohol, 
filtered, and washed with methyl alcohol. After drying, the 
product gave a melting point of 179-180° that was unchanged 
by further crystallizations or triturations. The initial specific 
rotation, 


= +0.34° 100 
1 0.51 


= +66.6° (in pyridine-ethanol, 3:2) 


changed after 18 hours to the constant value, 


+0.0° X 100 
la], = 1 x 0.61 +0.0 


The composition agreed with that of the phenylosazone of a 
pentomethylose. 


3.590 mg. substance: 0.579 cc. Nz (31° and 752.5 mm.) 
4. Calculated. N 17.93 
312.17 Found. 17.91 
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CRYSTALLINE d-GULOMETHYLOSE AND DERIVATIVES 
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New York) 


(Received for publication, July 1, 1935) 


The hexomethyloses occur quite abundantly in nature, usually 
in the form of glycosides. Of the sixteen theoretically possible 
sugars in this group, four have been isolated from natural sources; 
namely, l-rhamnose (mannomethylose), d- and /-fucose (galacto- 
methylose), and d-isorhamnose (glucomethylose). Votoéek, 
making use of the epimerization reaction of Fischer! for preparing 
l-isorhamnose, has successfully prepared d-isofucose* (talometh- 
ylose), l-isofucose,? and d-rhamnose,‘ from the corresponding sugar 
acids. Windaus and Schwarte’ and later Micheel® prepared d-allo- 
methylose by the action of benzoyl hydroperoxide on d-digitoxo- 
seen. The last of this group to be definitely prepared was [-altro- 
methylose, prepared by Freudenberg and Raschig’ by the catalytic 
reduction of diacetone-d-galactoseen. 

The present communication deals with the preparation of 
crystalline d-gulomethylose by a procedure® that may be easily 
extended to the other sugars of this group. By application of the 
cyanhydrin reaction of Kiliani to the pentomethyloses, the hexo- 
methyloses are thus made easily available. In figures (I) to (VID) 
are presented the reactions which lead to the synthesis of d-gulo- 
methylose and those establishing its configuration. 


1 Fischer, E., and Herborn, H., Ber. chem. Ges., 29, 1961 (1886). 

* Votocek, E., and Krantz, C., Ber. chem. Ges., 44, 362 (1911). 

3 Votocek, E., and Cerveny, J., Ber. chem. Ges., 48, 658 (1915). 

4 Votocek, E., Bull. Soc. chim., 43, 19 (1928). 

* Windaus, A., and Schwarte, G., Nachr. Ges. Wissensch. Goeltingen, 1 
(1926). 

6 Micheel, F., Ber. chem. Ges., 63, 354 (1930). 

7 Freudenberg, K., and Raschig, K., Ber. chem. Ges., 62, 373 (1929). 

*‘ Levene, P. A., and Compton, J., J. Biol. Chem., 111, 325 (1935). 
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Two epimeric acids should be obtainable from d-xylomethylose. 
In the case of xylose, the gulonic acid separates in the form of its 
crystalline lactone, whereas the idonic acid (or lactone) remains as 
asirup. By analogy, d-gulomethylonolactone was expected to be 
easily crystallized, leaving the sirupy d-idomethylonolactone 
behind. This expectation was realized as can be seen from the 
optical properties and the degradation products of the crystalline 
lactone obtained by us. 

Optical Methods—(a) Levene® has shown that in hydroxy sugar 
acids having the a-hydroxyl group on the right, upon passing 
from the acid to the ionized state the rotation shifts to the right. 
In the present case it was found that the specific rotation of the 
acid is [a]*2 = —5.0° and that of its sodium salt, [a]*° = +11.0°. 

(b) The acids having the a-hydroxyl group to the right on 
passing to the phenylhydrazides show a shift of rotation to the 
right.?'° We have found the specific rotation of the p-bromo- 
phenylhydrazide of the new acid to be [a]#4 = +8.8°, thus show- 
ing the a-hydroxy] to be on the right in this derivative. 

Degradation Methods—d-Gulomethylonolactone when fully 
methylated by the method of Purdie yields trimethyl y-d-gulo- 
methylonolactone. Owing to the ease with which this lactone 
ring opens, tetramethyl methyl-d-gulomethylonate was simulta- 
neously produced. However, the difference in boiling points is 
sufficiently great to make the separation of the two materials 
easy. Oxidation of the trimethyl y-d-gulomethylonolactone with 
nitric acid according to the procedure of Goodyear and Haworth," 
yielded quantitatively 7i-dimethoxysuccinic acid, isolated and 
characterized by means of its dimethyl ester. The identity of 
dimethyl 7-dimethoxysuccinate obtained in this way with an 
authentic specimen of this material was shown by melting point, 
mixed melting point, optical inactivity, and analysis. Had the 
sugar lactone been of the idose configuration it would have yielded 
optically active dimethyl /-dimethoxysuccinate. 

Reduction of d-Gulomethylonolactone to d-Gulomethylose—Reduc- 
tion of d-gulomethylonolactone with sodium-mercury amalgam in 


® Levene, P. A., J. Biol. Chem., 23, 145 (1915). Levene, P. A., and Meyer, 
G. M., J. Biol. Chem., 26, 355 (1916). 

1° Hudson, C.S., J. Am. Chem. Soc., 39, 462 (1917). 

1! Goodyear, EF. H., and Haworth, W. N., J. Chem, Soc., 5144 (1927). 
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the usual manner yielded sirupy d-gulomethylose. After purifica- 
tion of this sugar by preparing the p-bromophenylhydrazone (m.p. 
135-136°) and splitting this with benzaldehyde” a sirup was 
obtained which crystallized upon standing. Crystalline d-gulo- 
methylose has a melting point of 130-131° and mutarotates slightly 
in the dextro direction to the constant value, [a]” = —38.0°. 
The pure material has a very sweet taste. 

The phenylosazone of d-gulomethylose (or d-idomethylose) was 
found to have a melting point of 182—183° (uncorrected) and the 
p-bromophenylosazone had a melting point of 195-196°. Votoéek'® 
reported for this phenylosazone the melting point 140—142°. 
However, d-gulomethylonolactone reduced by Votoéek to the 
sugar was obtained from a mixture of acids formed on reduction of 


TABLE I 
Phenylosazones of Hexomethyloses 


Representative of d and / ‘Melting point of phenylosazone 


Group No epimers derivative 
I |-Rhamnose | 189 
II | 185 
III  d-Gulomethylose 182 


IV | l-Fucose | 178 


the sodium salt of 5-ketorhamnonie acid. The sugar was not 
obtained by Votoéek in crystalline form and hence the osazone 
obtained from it is of doubtful purity. Table I contains a sum- 
mary of the melting points of the four possible phenylosazones of 
the hexomethyloses. 


EXPERIMENTAL 


Preparation of d-Gulomethylonolactone—50 gm. of d-xylometh- 
ylose, [a]? = +13.2°, were dissolved in 110 cc. of water and 20 ce. 
of 80 per cent prussic acid added. Concentrated ammonium 
hydroxide (4 cc.) was then added to the cooled mixture and after 
thorough shaking this was allowed to stand 4 hours at 0° followed 
by a period of 40 hours at room temperature. 


2 Fischer, k.., Ann. Chem., 288, 144 (1895). 
'§ Votoeek, E., and Benes, L., Bull Soc. chim., 48, 1328 (1928). 
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The mixture was now poured, with vigorous stirring, into 1 
liter of N barium hydroxide solution and heated to the boiling 
point. Heating was continued during 2 days, with addition of 
water from time to time to replace that lost by evaporation. The 
removal of all ammonia gas and ammonium compounds in the 
solution had been effected at the end of this time. The solution 
was then cooled, made neutral with 20 per cent sulfuric acid, 
centrifuged, filtered, and the clear solution concentrated under 
diminished pressure to a thick sirup. 

The product was then dissolved in absolute -ethyl aleohol, 
filtered, and upon concentrating under diminished pressure, 
crystallization began. There was thus obtained 14 gm. of d-gulo- 
methylonolactone, and upon concentrating the filtrate further 
quantities were obtained. Total yield, 22 gm. Sirupy d-ido- 
methylonolactone (about 25 gm.) was also obtained, but could 
not be induced to crystallize. 

The crude gulomethylonolactone was mixed with a considerable 
quantity of the free acid but was converted to the pure lactone 
by recrystallization from hot glacial acetic acid. M.p. 180-181°, 
unchanged by further recrystallization. The specific rotation, 

—5.96° 100 


= —68.0° (in water) 


changed after 14 days to [a]?4 = —63.8°. The composition 
agreed with that of a hexomethylonolactone. 


4.373 mg. substance: 7.125 mg. CO, and 2.400 mg. HO 
C.Hi00O;. Caleulated. C 44.42, H 6.17 
162.0 Found. 44.43, 6.14 


The product is very soluble in hot water, acetic acid, ethyl aleohol, 
and dioxane; insoluble in benzene, ethyl acetate, ether, and 
pentane. 

Rotation of Sodium d-Gulomethylonate—d-Gulomethylonic acid 
obtained by slow crystallization of the lactone from water (0.7992 
gm.) was dissolved in water and after the addition of 4.88 ce. of 
0.976 N sodium hydroxide diluted to exactly 10 ec. The solution 
was then allowed to stand for 4 hours. The specifie rotation was 
constant at the end of this time. 

+0.99° X 100 
= 8.974 


= +11.03° 
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Sufficient 0.523 N hydrochloric acid (9.11 cc.) was then added 
exactly to liberate the free acid. The solution was diluted to 20 
ec. and the specific rotation immediately observed. 

—0.40° X 100 


= = —5.0° 


2 X 3.996 


The signs of the rotations are in accordance with those expected 
for d-gulomethylonic acid and its sodium salt. 

Preparation of d-Gulomethylonic p-Bromophenylhydrazide—da- 
Gulomethylonolactone (0.5 gm.) was dissolved in 10 cc. of absolute 
ethyl aleohol and 0.5 gm. (1 mole) of p-bromophenylhydrazine 
dissolved in 5 ce. of absolute ethyl alcohol added. The mixture 
was then heated on the steam bath for 2 hours, with stirring and 
occasional addition of ethyl alcohol to replace that lost by evapora- 
tion. At the end of this time the sirupy product crystallized 
completely upon cooling, and was recrystallized from ethyl] alcoho] 
to a constant melting point of 132-133°. The specific rotation was 


+0.36° X 100 


2 x 2.018 = +8.8° (in water) 


= 


The composition agreed with that of the p-bromophenylhydrazide 
of a hexomethylonic acid. 


4.470 mg. substance: 7.170 mg. CO, and 2.120 mg. H.O 


5.910 * ” : 0.419 cc. Ne (25° and 764 mm.) 
Cy2H;70;N-Br. Calculated. C 41 .25, H 4.91, N 8.02, Br 22.8 
349 06 Found. ** 41.00, 4.97, 8.10, 22.7 


The substance is soluble in the usual organic solvents and in 
water. 

Preparation of Trimethyl y-Gulomethylonolactone—3 gm. of 
d-gulomethylonolactone, [a], = —68°, were dissolved in 125 cc. of 
acetone (from sodium bisulfite) and 15 ec. of methyl iodide added. 
15 gm. of silver oxide were then added in small portions with good 
stirring over a period of 3 hours at 50°. After the last addition 
the reaction was allowed to continue for 1 hour and the solution 
then cooled. The silver residue was now removed by filtration 
and thoroughly washed with hot acetone. The filtrate upon 
concentration under diminished pressure yielded a thick sirup. 
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The sirup thus obtained was completely soluble in methyl 
iodide (15 cc.) and was remethylated with silver oxide (15 gm.), 
without an extraneous solvent, after the manner described above. 
The sirupy product obtained after the second methylation was 
purified by distillation at reduced pressure. 

Four fractions were obtained as shown in Table II. 

Total yield, 2.5 gm. 

Analysis of the various fractions shows that Fractions [ and IT 
are composed largely of the open chain tetramethyl methylgulo- 
methylonate, whereas Fractions III and IV are composed princi- 
pally of trimethyl y-gulomethylonolactone (1.2 gm.). The latter 
product was not further characterized but was oxidized to 7- 
dimethoxysuccinic acid in the manner described below. 


TABLE II 
Fractions Oblained on Methylation of y-Gulomethylonolactone 
Fraction No. Boiling point at 0.3 mm. Yield Methoxyl content 

gm. per cent 

I 96 0.7 56.29 

Il 96 0.6 58 .33 

III 125-135 0.7 48 .94 

IV 135-145 0.5 | 42 .96 


Oxidation of Trimethyl y-Gulomethylonolactone—The lactone 
(1.2 gm.) was heated with 10 cc. of concentrated nitric acid (d 
1.42) at 100° for about 15 minutes to initiate the reaction, after 
which it was heated during a further 7 hours at 95-100°. The 
reaction mixture was then cooled and the last traces of nitric acid 
removed by repeatedly diluting the concentrated solution with 
water and distilling under diminished pressure at 50°. 

The sirup obtained after the final concentration was placed 
in a vacuum desiccator over solid sodium hydroxide at reduced 
pressure for 12 hours. The crystalline mass was then dissolved in 
methyl alcohol containing 2 per cent dry hydrogen chloride and 
refluxed for 6 hours. The hydrogen chloride was now removed 
with silver carbonate and the solution concentrated under dimin- 
ished pressure to a thin sirup which distilled completely at re- 
duced pressure. There was thus obtained 0.5 gm. of sirup, b.p. 
86-90° at 0.3 mm., which crystallized completely when nucleated 
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with dimethyl] 7-dimethoxysuccinate. The crystals were sepa- 
rated by filtration and washed with ether-pentane. After one 
recrystallization from ether a constant melting point of 67-68° 
was obtained. This was unchanged when mixed with an authen- 
tic specimen of dimethyl 7-dimethoxysuccinate," m.p. 67—68°. 

A 1 per cent solution of the substance in methyl alcohol showed 
no optical activity. The composition agreed with that of dimethyl] 
dimethoxy succinate. 


4.302 mg. substance: 7.380 mg. CO» and 2.530 mg. H2O 


3.278 : 14.910 Agl 
(sHiOc¢. Caleulated. C 46.58, H 6.8 , MeO 60.21 
Found. 46.78, ‘6.58, 60.04 


The melting point, mixed melting point, optical inactivity, and 
analytical figures showed the oxidation product to be dimethyl 
7-dimethoxysuccinate. 

Preparation of d-Gulomethylose—d-Gulomethylonolactone (2 
gm.) was dissolved in 15 ec. of water and cooled to 0°, after being 
made acid to Congo red paper with 20 per cent sulfurie acid. 63 
gm. of 2 per cent sodium-mercury amalgam were then added in 
small portions over a period of 2 hours with rapid stirring. The 
solution was maintained acid to Congo red paper over the entire 
period by the repeated addition of 20 per cent sulfuric acid. A test 
portion at the end of this time gave a strong reduction with 
Fehling’s solution. 

The solution was now made neutral to litmus paper, filtered, 
and decanted from the mercury. The filtrate was concentrated 
under diminished pressure at 40° to about 10 ec. and then poured, 
with vigorous stirring, into 100 ec. of absolute ethyl aleohol. The 
precipitated sodium sulfate was removed by filtration and the 
filtrate concentrated under diminished pressure to a thick sirup. 
After being dried by the repeated addition and distillation of 
absolute ethyl aleohol followed by dry benzene, the product was 
dissolved in hot ethyl alcohol and the impurities precipitated by 
the addition of dry ether. This process was repeated until a clear 


'4 We wish to thank Dr. R. S. Tipson of this laboratory for a sample of 
this material prepared from mesotartaric acid. 
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viscous product was obtained. Yield, 0.7 gm. The specific 
rotation, 
—2.82° X 100 _ 


= 2 3.948 —35.7° (in water) 


remained constant. The composition agreed with that of a 
hexomethylose. 


5.435 mg. substance: 8.78 mg. CO: and 3.600 mg. H. O 
Caleulated. C 43.90, H 7.31> 
164.0 Found. 44 05, 7.41 


The sirupy d-gulomethylose was obtained in crystalline form 
after purification through its crystalline p-bromophenylhydrazone 
as described below. 

Preparation of d-Gulomethylose p-Bromophenylhydrazone—Sirupy 
d-gulomethylose (0.7 gm.) was dissolved in 5 ce. of absolute ethyl 
alcohol and 0.7 gm. (1 mole) of p-bromophenylhydrazine dissolved 
in 5 ee. of absolute ethyl alcohol added. The mixture was heated 
on the water bath for 10 minutes with stirring and then allowed 
to cool. The product crystallized completely and was filtered off 
and recrystallized from ethyl aleohol to the constant melting point 
of 135-136°. Mutarotation in both absolute ethyl alcohol and 
dry pyridine was observed as follows: 


—().46° 100 _ 
= —16.10° (in absolute ethyl alcohol) 


2X 1.428 


changing after 2 weeks to the constant value, 


0.14° X 100 
= = +9.80° 


~2.01° & 100 
= —49.12° (in dry pyridine) 


changing after 2 weeks to the constant value, 


+0.71° X 100 
oe 34.70° 
lar 1x20 
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The composition agreed with that of a hexomethylose p-bromo- 
phenylhydrazone. 


4.942 mg. substance: 7.815 mg. CO, and 2.270 mg. H,O 


4.210 ‘ : 0.313 ec. N2 (25° and 757 mm.) 

6.780 : 3.830 mg. AgBr 
Cy2H;704N 2Br. Calculated. C 43 .24, H 5.14, N 8.40, Br 24.00 
333 .06 Found. 43.11, 5.14, 8.48, ‘* 24.04 


The substance is soluble in the usual organic solvents and in 
water. 

Preparation of Crystalline d-Gulomethylose—2.3 gm. of d-gulo- 
methylose p-bromophenylhydrazone (m.p. 135-136°) were dis- 
solved in 90 cc. of water and heated to 90° on the water bath. 1.3 
cc. of pure benzaldehyde were then added with vigorous stirring. 
The reaction began immediately and was quantitatively complete 
at the end of 45 minutes. The solution was then cooled, where- 
upon the oily layer of benzaldehyde p-bromophenylhydrazone 
solidified and was removed by filtration. The filtrate was thor- 
oughly extracted with ether, treated with charcoal, and filtered. 

The filtrate was now concentrated under diminished pressure 
at 40° to a thick sirup which was thoroughly dried in the usual 
manner by the repeated addition and distillation of absolute ethyl 
alcohol followed by dry benzene. The glassy sirup remaining 
was placed in a vacuum desiccator over calcium chloride and 
allowed to stand for 6 weeks. At the end of this time the product 
crystallized completely and after one recrystallization from glacial 
acetic acid gave a substance with a constant melting point of 
130-131°. The specific rotation, 

—1.46° X 100 


= — 42.3° (in water) 


changed after 30 minutes to the constant value, 


20 —1.31° 100 
- = —38.03° 
lalp 1 X 3.444 aon 


The composition agreed with that of a hexomethylose, 


5.300 mg. substance: 8.540 mg. CO, and 3.430 mg. H.O 
(‘alculated. C 43.90, H 
164.0 Found. *€ 43.94, * 7.24 
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‘The substance is very soluble in hot ethyl alcohol, glacial acetic 
acid, and water; slightly soluble in ethyl acetate; insoluble in 
benzene, ether, and pentane. 

Preparation of d-Gulomethylose p-Bromophenylosazone—d-Gulo- 
methylose p-bromophenylhydrazone (0.3 gm.) was dissolved in 
30 cc. of water and 0.5 gm. (2 moles) of p-bromophenylhydrazine 
dissolved in 1 cc. of glacial acetic acid added. After heating for 
30 minutes in a boiling water bath with occasional stirring, light 
yellow crystalline flocks began to separate and were removed by 
filtration after cooling. The product was then transferred to a 
small dish, triturated with methyl alcohol, filtered, and washed 
with this reagent. After drying, a melting point of 195—-196° was 
obtained. This value was unchanged by further recrystallization 
from methyl alcohol or triturating with this reagent. The specific 
rotation, 


0.00° X 100 


1 X 0.456 = +0.00° (in pyridine-absolute ethyl alcohol, 3:2) 


la]p = 


changed after 2 hours to the constant value, 


2 +0.07° X 100 
= 1 xX 0.456 +15.3 


The composition agreed with that of a hexomethylose p-bromo- 
phenylosazone. 


5.680 mg. substance: 0.551 cc. Nz (25° and 768 mm.) 
C1isH2.O;N«Br2 (500.0). Calculated, N 11.20; found, N 11.22 


Preparation of d-Gulomethylose Phenylosazone—d-Gulomethyl- 
ose (0.15 gm.) was dissolved in 30 ce. of water and 0.3 gm. (3 
moles) of phenylhydrazine dissolved in 1 cc. of glacial acetic acid 
added. The osazone separated as a light yellow crystalline mass 
after being heated on the water bath for 30 minutes. The solu- 
tion was cooled and the product removed by filtration, triturated 
with methyl alcohol, and again filtered. After drying, the melting 
point of 182-183° was obtained, unchanged either by recrystalliz- 
ing from methyl alcohol or triturating with this solvent. The 
specific rotation, 


‘ 
« 
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+0.00° & 100 


+: (in pyridine-absolute ethyl aleohol, 2:3) 


= 


changed after 1 hour to the constant value, 


+0.16° X 100 


= +17.7° 
1 X 0.904 


lalp = 


The composition agreed with that of a hexomethylose phenylosa- 
zone. 


4.320 mg. substance: 9.965 mg. CO, and 2.560 mg. HO 

4.210 ‘ sg : 0.596 ce. Ng (24° and 764 mm.) 
CisH2,0;:N,4. Calculated. C 62.97, H 6.73, N 16.30 
343.0 Found. 62.90, 6.63, 16.35 
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DERIVATIVES OF GLUCURONIC ACID 


VI. THE PREPARATION OF a-CHLORO- AND a-BROMOTRIACE- 
TYLGLUCURONIC ACID METHYL ESTER, AND THE 
SYNTHESIS OF s-GLUCURONIDES 


By WALTHER F. GOEBEL ann FRANK H. BABERS 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, June 19, 1935) 


When triacetylchloroglucuronic acid methyl] ester (1), prepared 
by the interaction of acetyl chloride, hydrogen chloride, and 
B-tetraacetylglucuronic acid methyl ester, is condensed with methyl 
alcohol in the presence of silver carbonate, a methylglycoside 
of triacetylglucuronic acid methyl ester (I) is formed. It has 
been shown, however, that the latter derivative has the structure 
of an orthoacetate and not that of a true glycoside of glucuronic 
acid (2). The structure of the parent triacetylchloroglucuronic 
acid methyl! ester has not been definitely established, but because 
this derivative yields with such ease the methylglycoside having 
an orthoacetate structure, and because true glycosides are formed 
only with difficulty and in very poor yields, it seems not unlikely 
that the triacetylchloroglucuronic acid methyl ester itself might 
have the structure of an orthoacetate (II). 


COOCH; 


H 
| 


(1), R = OCH; (ID, R = Cl. 
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The structure of the halogen derivative is at present being in- 
vestigated and the results will be reported in a later communi- 
cation. 

In order to secure an acetohalogen derivative of glucuronic 
acid which might serve more successfully for the synthesis of 
glucuronides, a second triacetylchloroglucuronic acid methyl 
ester (IV) has been prepared from £-tetraacetylglucuronic acid 
methyl ester by the action of titanium tetrachloride (3). This 
second acetohalogen derivative differs from the first (II) in specific 
rotation and consequently in structure. When condensed with 
methyl alcohol in the presence of silver carbonate, this second 
triacetylchloroglucuronic acid methyl] ester (IV) yields a methyl- 
glycoside of triacetylglucuronic acid methyl ester (III) having 
all the properties of a true glycoside. Unlike the isomeric methyl- 
glycoside (I) with the orthoacetate structure, the second methyl- 
glycoside (III) does not have one acetyl group resistant to alkaline 
hydrolysis, nor does it undergo hydrolysis in the presence of very 
dilute mineral acid, a property which is characteristic of the 
methylglycosides having the orthoacetate structure (4). Since 
the second methylglycoside (III) of triacetylglucuronic acid 
methyl! ester has all the properties of a normal glycoside, and be- 
cause of its levorotation which approximates that of tetraacetyl- 
6-methylglycoside, it is believed that this second methylglycoside 
may be assigned the 6 configuration. | 

Triacetylchloroglucuronic acid methyl] ester (IV) is not particu- 
larly suitable for the synthesis of glucuronides on account of the 
stability of the halogen group. In order to secure a derivative 
more adaptable for the general synthesis of glucuronides, the 
triacetylbromoglucuronic acid methyl ester (V) has been prepared 
according to the general method of Fischer (5). When the lat- 
ter derivative is condensed with p-nitrobenzyl alcohol in ethereal 
solution in the presence of silver oxide, the corresponding tri- 
acetyl-p-nitrobenzyl-6-glycoside of glucuronic acid methyl ester 
(VI) is formed in excellent yields. This glycoside is identical 
with that obtained in small amount by condensing the aceto- 
chloroglucuronic acid methyl ester (II) with p-nitrobenzyl alco- 
hol in chloroform solution in the presence of silver carbonate. 

The second acetochloroglucuronic acid methyl ester (IV), pre- 
pared by the action of titanium tetrachloride on §-tetraacetyl- 


j 
| 
| 
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glucuronic acid methyl! ester, has a specific rotation of +168.7°, 
whereas the corresponding acetobromo derivative, prepared by 
the action of hydrogen bromide on a-tetraacetylglucuronic acid 
methyl ester in glacial acetic acid, has a rotation of +198°. Since 
both these derivatives yield normal glucuronides, and since both 
are highly dextrorotatory, the rotations increasing in the dextro 
direction when passing from the chloro to the bromo derivative, 
both substances may be considered as normal halogen derivatives 
belonging to the @ series according to the nomenclature of Hudson 
(6). The two derivatives have been assigned tentatively the 8 
configuration, since it no longer seems necessary to assume that a 
Walden inversion takes place during the formation of 6-glycosides. 
The structure of these derivatives may be represented by the fol- 
lowing diagram. 


COOCH; 
R 

OAc H 

H OAc 


(III), R = OCH;; (IV), R = Cl; (V), R = Br; (VD, R = O—CH.— 


The successful synthesis of a-triacetylchloroglucuronic acid 
methyl ester (IV) and the corresponding a-bromo derivative (V) 
should now make possible the synthesis not only of any desired 
glycoside of glucuronic acid, but the synthesis of aldobionic acids 
as well. 


EXPERIMENTAL 


Glucuronic Acid Methyl Ester—This derivative was previously 
prepared by the action of methyl iodide on the silver salt of glu- 
curonic acid (1). It has since been found that the ester can be 
more conveniently prepared by boiling a methyl] alcoholic solution 
of glucuron, the lactone of glucuronic acid, until an equilibrium 
mixture of ester and unchanged glucuron is reached. Thus 33 


| ; 
| 
H 
i 
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gm. of glucuron were suspended in 400 cc. of absolute methyl 
alcohol, and the mixture was refluxed for 72 hours on the water 
bath. After the solution was decolorized with norit, the solvent 
was removed in vacuo. The residue was dissolved in 200 cc. of 
absolute ethyl alcohol, and allowed to stand at 0° for 48 hours. 
9.0 gm. of unchanged glucuron were removed by filtration. The 
alcoholic filtrate was concentrated in vacuo, and the oily residue, 
the methyl ester of glucuronic acid, was dried to constant weight 
in the flask. The ester, 25 gm., was acetylated directly in the 
distilling flask with a mixture of acetic anhydride and pyridine 
at 0°, in the usual manner. 19 gm. of 8-tetraacetylglucuronic 
acid methyl ester, and 22 gm. of the @ isomer were finally ob- 
tained. 

a-Triacetylchloroglucuronic Acid Methyl Ester (IV)—10 gm. of 
6-tetraacetylglucuronic acid methyl ester were dissolved in 80 ce. 
of anhydrous chloroform and 5.0 gm. of TiCl, were added (3). 
A brilliant yellow precipitate formed which immediately redis- 
solved. The mixture was heated for 3 hours at 40-45°, cooled, 
and poured into ice water. The chloroform solution was washed 
several times with ice water, dried over calcium chloride, and 
filtered. The colorless solution was now concentrated in vacuo, 
and the oily residue dissolved in 25 cc. of ether. The a-triacetyl- 
chloroglucuronic acid methyl ester (IV) crystallized after several 
hours. 8.0 gm. were recovered. The compound was recrystal- 
lized several times from ether, yielding a beautiful crystalline 
product which had a melting point of 99-100° (uncorrected). 


Rotation—{ali = +168.7° in chloroform (c¢ = 0.5 per cent). 
Caleulated. OCH, 8.8, Cl 10.0 
Found. 


a-T'riacetylbromoglucuronic Acid Methyl Ester (V)--10 gm. of 
e-tetraacetylglucuronic acid methyl ester were dissolved in 40 ec. 
of glacial acetic acid previously saturated with hydrogen bromide 
at 0°, and allowed to stand at 22° for 4 hours. The pale yellow 
solution was transferred to a distilling flask, and the solvent re- 
moved in vacuo. 75 ec. of anhydrous redistilled toluene (7) were 
added and the distillation continued. The addition of toluene 
followed by distillation was repeated three times in all. The 
solvent was finally removed as completely as possible, and the 
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residue dissolved in 20 cc. of ether. Crystallization of the bromo 
derivative was complete after several hours at 0°. 7.5 gm. of 
beautiful crystals were recovered. When recrystallized from 
ether, the bromo derivative showed a melting point of 104—105° 
(uncorrected). When the derivative was recrystallized from a 
mixture of ether and petroleum ether, however, the resulting 
product partially collapsed at 85° and melted completely at 104- 
105°. The specific rotation of each product was the same. 


Rotation—la} = +198.0° in chloroform (¢ = 0.5 per cent). 
Analysis—C,,H,,O;Br(COOCH;). Calculated. OCH; 7.8, Br 20.1 
Found. 


B-Methylglycoside of Triacetylglucuronic Acid Methyl Ester 
(1IIT)—6.0 gm. of a-triacetylchloroglucuronic acid methyl ester 
(IV) were dissolved in 50 cc. of anhydrous methy] alcohol and 
the solution shaken with 1.2 moles of dry silver carbonate for 
24 hours at room temperature. The mixture was filtered, and the 
residue of silver salts washed with small portions of chloroform. 
The filtrate was concentrated in vacuo, and the residue dissolved 
in 20 cc. of ethyl alcohol. After 24 hours at 0° 3.4 gm. of glycoside 
were filtered from the mother liquors. The glycoside was re- 
crystallized from ethyl] alcohol until the specific rotation remained 
constant. The compound melted at 149-150° (uncorrected). 


Rotation—la]—p = —28.9° in chloroform (c = 0.7 per cent). 
Analysis 
Calculated. C 48.3, H 5.8, OCH; 17.8 
Found. “48.3, “ 18.0 


The triacetylmethylglycoside of glucuronic acid methyl ester 
(III) erystallizes as beautiful needles which are very soluble in 
acetone, chloroform, and dioxane, but much less soluble in ethyl 
alcohol and ether. The derivative does not reduce Fehling’s 
solution. 0.0652 gm. of glycoside was dissolved in 2 cc. of ace- 
tone and 10 cc. of 0.1 N NaOH were added. The solution was 
heated at 60° for 10 minutes, and then titrated with 0.1 N HCl. 
2.3 cc. were required for neutralization. Thus 7.7 cc. of 0.1 N 
NaOH were utilized by the acetyl groups and carboxyl group 
of the glycoside (calculated for 4 equivalents, 7.51 cc. of 0.1 N 
NaOH). It is evident that all of the acetyl groups as well 


THE JOURNAL OF BIOLOGICAL CHEMISTKY, VOL. 111, NO. 2 


4 
' 
* 
$a 
4, 


352 Derivatives of Glucuronic Acid. VI 


as the methyl ester grouping had been hydrolyzed by the dilute 
alkali. The triacetylmethylglycoside of glucuronic acid methy] 
ester, having the orthoacetate structure (I), neutralizes only 3 
equivalents of alkali. 

Solutions of the methylglycoside in 95 per cent dioxane contain- 
ing 0.005 n HCI show no change in specific rotation, even after 
standing for several hours. Since the methylglycoside shows 
none of the properties of an orthoacetate, it must be regarded as 
a true glycoside of triacetylglucuronic acid methyl ester, and not 
as a derivative of orthoacetic acid. Attempts have been made to 
deacetylate and saponify the glycoside to obtain the methyl- 
‘glycoside of glucuronic acid, but thus far the latter derivative 
has not been isolated in crystalline form. The successful synthe- 
sis of the methylglycoside of galacturonic acid has recently been 
reported by Morell and Link (8). 

Triacetyl-p-Nitrobenzyl-B-Glycoside of Glucuronic Acid Methyl 
Ester—This derivative was previously prepared in very small 
yield from the first triacetylchloroglucuronic acid methyl ester 
(11), by condensation with p-nitrobenzyl alcohol in chloroform 
solution in the presence of silver carbonate. It is now possible 
to prepare the glycoside in far better yields from a-triacetylbromo- 
glucuronic acid methyl ester. 10 gm. of a-triacetylbromoglu- 
curonic acid methyl] ester and 5 gm. of p-nitrobenzyl alcohol were 
dissolved in 100 cc. of anhydrous ether. 1.2 moles of active silver 
oxide were added and the mixture shaken for 10 minutes at room 
temperature. The glycoside crystallized in the container. The 
mixture was filtered, and the filtrate discarded. The glycoside 
was extracted from the precipitate with chloroform. After the 
solvent was removed in vacuo, the residue was dissolved in ethyl 
aleohol, whereupon the glycoside crystallized immediately. 4.5 
gm. were recovered. The properties of the glycoside (specific 
rotation, melting point, ete.) agreed in all respects with those 
previously reported. 

B-p-Nitrobenzylglycoside of Glucuronic Acid Methyl Ester—1.0 
gm. of the B-p-nitrobenzylglycoside of triacetylglucuronic acid 
methyl ester was suspended in 50 ec. of anhydrous methyl al- 
cohol. 0.3 ee. of N barium methylate was added (9). The 
glycoside gradually dissolved. The flask was placed in the ice 
chamber for 18 hours, and then 0.3 ce. of N HeSO, was added. 
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The precipitated barium sulfate was removed, and the alcoholic 
solution of the glycoside concentrated to 10 ec. 7n vacuo. After 
standing at 0° for 24 hours, 0.6 gm. of pale yellow silky needles 
was removed by filtration. The substance proved to be the 
methyl ester of the 6-p-nitrobenzylglycoside of glucuronic acid. 
The substance, after recrystallization from alcohol, showed a 
melting point of 167—-168° (uncorrected). 


Rotation—{a]lp = —63.2° in H.0 (c¢ = 1 per cent). 
(OCH;:). Calculated. C 49.0, H 5.0, OCH; 9.0 
Found. “GH, “ 82 


By the catalytic action of barium methylate the acetyl groups 
of the glycoside had been removed, leaving the methyl ester 
grouping intact. The ester may be readily saponified by barium 
hydroxide, but no attempt has as yet been made to obtain the 
B-p-nitrobenzylglycoside of glucuronic acid itself. 


SUMMARY 


1. The preparation of a-triacetylchloro- and of a-triacetyl- 
bromoglucuronic acid methyl ester has been described. 

2. The B-methylglycoside of triacetylglucuronic acid methyl 
ester has been synthesized from the corresponding acetochloro 
derivative. 

3. The 6-p-nitrobenzylglycoside of glucuronic acid methyl 
ester has been prepared from the corresponding triacetyl-6-glyco- 
side by deacetylation with barium methylate. 
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SOME EFFECTS OF DINITROCRESOL ON OXIDATION 
AND FERMENTATION 


By M. E. KRAHL anp G. H. A. CLOWES 
(From the Lilly Research Laboratories, Indianapolis) 


(Received for publication, June 17, 1935) 


The dinitrophenols produce three effects on living tissue which 
appear to make their mechanism of action worthy of study. These 
are: (1) a stimulation of oxygen consumption (21); (2) a stimula- 
tion of anaerobic fermentation (9, 19); and (3) a block to the divi- 
sion of certain cells (22, 23) which has recently been found to occur 
principally in the prophase of mitosis (4). 

The experiments to be reported here were made to ascertain the 
relative effects of one of these agents, 4,6-dinitro-o-cresol, on 
aerobic and anaerobic cellular processes and to elucidate in a 
preliminary fashion the p@ssible relations between the aerobic and 
anaerobic effects. 

The dinitrophenols produce a rise in rate of oxygen consumption 
in some tissues and do not produce any rise in others. Specifically, 
most of those tissues in which oxygen consumption is not stimu- 
lated by dinitrophenol are tissues which are known to lack any 
means of transferring molecular oxygen in large quantities to the 
cellular dehydrases. As an example, mature red blood cells of 
mammals are not stimulated by dinitrophenol (13), while the red 
blood cells of fowls, which have an active oxygen transfer system, 
give a marked response to dinitrophenol (6). 

Furthermore, dinitrophenols do not increase the residual respi- 
ration of cells in which KCN or CO is exerting the maximum 
depressing effect on respiration, and they have only a limited power 
to stimulate oxygen consumption of cells subjected to an inter- 
mediate degree of KCN poisoning. This applies equally well to 
tissues as diverse as rat kidney, liver, and brain (17), yeast (11), 
marine eggs (3), and frog tissue (6). This points very strongly 
to the idea that the dinitrophenols do not stimulate respiration by 
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virtue of an ability to be reduced by the cell and reoxidized by 
molecular oxygen. In this respect these compounds differ mark- 
edly from dyes of the methylene blue type which are able, by 
acting as oxidation-reduction systems, to supplement or partially 
replace, after KCN poisoning, the oxygen transfer systems of 
certain cells (5). 

A second line of evidence having the same implication results 
from the researches of Greville and Stern who, under the condi- 
tions of their experiments, found no reversible reoxidation of 
2 ,4-dinitrophenol or 4,6-dinitro-o-cresol which had been reduced 
by enzyme systems (13). 

Oxygen Consumption of Enzyme Systems with 4,6-Dinitro-o- 
Cresol—In view of the line of reasoning outlined above, it was 


TABLE | 
Effect of 4,6-Dinitro-o-Cresol on Oxygen Uptake of Normal and of Previously 
Frozen Rat Brain (Temperature 37°, 0.2 Per Cent Glucose, Phosphate- 
Ringer’s Solution, pH 7.4, 1 Hour Period) 


Concentration of 4,6-dinitro-o-cresol 
Material 
None 10-4 10-5 10-6 
Previously frozen rat brain slices, Qo. ..... <0.1 |<0.1 {|<0.1 |<0.1 


essential to know whether or not 4 ,6-dinitro-o-cresol could stimu- 
late oxygen consumption of isolated substrate-dehydrogenase 
systems. The amounts of oxygen taken up by each of the three 
systems, (a) glucose and glucose dehydrogenase (16), (b) hexose- 
monophosphate and enzyme plus coenzyme (25), (c) lactate 
and lactate dehydrogenase (1), were not increased by 4,6-dinitro- 
o-cresol in a wide range of concentrations. [ven an otherwise 
intact tissue, normally responding to 4,6-dinitro-o-cresol stimu- 
lation, in which the cell structure had been destroyed by freezing 
and thawing showed no increased oxygen uptake! with 4 ,6-dinitro- 
o-cresol (Table I). 


1 Gas exchange was measured, in all experiments in this paper, with 
simple Warburg manometers and flasks, essentially according to the tech- 
nique described by Dixon (7). Qo, = ¢.mm. of oxygen per hour per mg. of 
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If, instead of molecular oxygen, methylene blue was used as a 
hydrogen acceptor according to the Thunberg technique, 4 ,6- 
dinitro-o-cresol did not stimulate; neither did it significantly 
retard the rate of methylene blue reduction by dehydrogenase 
systems (Table IT). 

_ After these experiments were begun, DeMeio and Barron (6) 
reported that 2,4-dinitrophenol did not stimulate oxygen con- 
sumption by a-hydroxyoxidase plus lactate and Greville and Stern 
(13) obtained similar results with succinate and washed guinea pig 
muscle. In the same category may be mentioned the negative 
effect of 2,4-dinitrophenol on oxidation of such substances as 


TABLE II 


Effect of 4,6-Dinitro-o-Cresol on Anaerobic Reduction of Methylene Blue by 
Dehydrogenases (Temperature 25°, pH 7.4) 


Time for reduction (+2 min.) 


| ‘ Lactate H nophosph 

moles per l. | min. | min, 

None | 10 | 20 

5 xX 10-6 | 13 | 20 

2x 10-5 | 16 | 20 
4X 1075 | 14 | 

8 x 10-5 | | 20) 
1.6 X 10-4 | 12 | 

3.2 x 10-$ | | 25 
6.4 x 10-4 | 12 


linseed oil or linoleic acid (6), for which oxidation-reduction 
systems can serve as catalysts (2). Since the results with dehy- 
drogenases are now only confirmations and extensions of those 
previously reported, they are not quoted here in detail. 

Effect of 4,6-Dinitro-o-Cresol on Anaerobic and Aerobic Fer- 
mentation and on Oxygen Consumption—Treatment with dinitro- 
phenol and its derivatives has been reported to increase aerobic 
lactate formation by normal (9) and neoplastic (8) tissues, to 
increase anaerobic lactate production by frog muscle (9), and to 
increase fermentation by yeast (10). The object of the experi- 


yeast (dry weight); OR, = «mm. of anaerobic CO. per hour per mg. 
of yeast (dry weight). : 
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ments in this section was to determine the magnitude of the effects 
on anaerobic fermentation relative to the effects on oxygen con- 
sumption and alcohol production in a corresponding aerobic 
system. 

With samples of Yeast 1,2 having a normal Qdj, of 50 to 80, 
4 ,6-dinitro-o-cresol in repeated experiments stimulated anaerobic 
CO: production; with samples of Yeast 2, having a normal Qe; 
of 140 to 170, 4,6-dinitro-o-cresol slightly depressed anaerobic 
CO2 production; with both yeasts 4 ,6-dinitro-o-cresol markedly 


TABLE III 


Effect of 4,6-Dinitro-o-Cresol on Anaerobic Fermentation and Oxygen 
Consumplion of Yeast 1 during a 30 Minute Period 


| 


(2). 
: ler ce 1.8 mg. 
| giucone | ‘change | | 
moles per l. 
None 2 7 4 57 
10-8 44 +53 71.8 +25 
4x 10-6 S17 +42 85 +49 
8 xX WwW 3 106 +86 
10-5 115 +102 
2x 11.8 +322 76.8 | +34 | 175 +207 
4x 10-5 | | 156 +174 
8 x 10-5 7.4 +164 | 19.2 —66 137 +140 
3.2 x 1074 44 —23 
6.4 xX 10-4 32 —44 
1.28 X 10-3 | 22 —62 


stimulated oxygen consumption. Typical results are presented 
in Tables IIT and IV. 


? Yeast 1 was commercial bakers’ yeast obtained in pound cakes from 
Anheuser-Busch, Inc., during the initial experimental period (January 
to April, 1935). Yeast 2 was commercial yeast obtained from the same 
source during May, 1935. Except in the cases specifically noted all yeast 
was washed three times with buffer immediately before use. Numerous 
actual counts showed that, under the conditions of experiment, no increase 
in number of yeast cells occurred. Yeast 1 was used for all those experi- 
ments in which no yeast type is specified. All experiments except for the 
cases noted were made at 25° with 0.05 m NaH2PQ, (pH 4.45) as buffer. 
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Where stimulation of anaerobic CO, production occurred, the 
concentration of 4 ,6-dinitro-o-cresol which produced the optimum 
rise was nearly the same as that which produced the optimum rise 
in oxygen consumption. However, at higher 4,6-dinitro-o-cresol 
concentrations, the depression in anaerobic CO, production was 
less marked than the depression in oxygen consumption of yeast in 
a corresponding aerobic system. It is worthy of note that the 


TABLE IV 


Effect of 4,6-Dinitro-o-Cresol on Anaerobic Fermentation and Oxygen 
Consumption of Yeast 2 during a1 Hour Period 


No pretreatment 12 hrs. glucose pretreatment 
4,6-Dinitro-o- 
Qo, 
moles per l } 

None 70 65 4.8 

1.6 X 10° 97 +39 96 +45 17.5 +264 
N2 
Yoo, 

None 170 110 Volumes too 
4X 1076 171 +1 124 +13 small to be 
8 X 107-6 174 +2 133 +21 measured 
1.6 X 1075 163 —4 144 +31 
3.2 X 1075 152 —11 120 +9 
6.4 X 1075 147 —14 104 —5 


optimum Qé%, for Yeast 1 under 4,6-dinitro-o-cresol stimulation 
was of the same order as the normal Q¢G, for Yeast 2. 

A transformation from yeast showing no stimulation of anaero- 
bic CO production with 4 ,6-dinitro-o-cresol to one displaying an 
unmistakable stimulation (see Q&%, data in Table IV) was pro- 
duced by the following procedure: Yeast 2, as a 3 per cent sus- 
pension, was allowed to stand at 25° for 12 hours in a medium of 
1 per cent glucose and 0.05 m NaH2PO,. The yeast was then 
washed free from occluded sugar and resuspended in fresh glucose- 
phosphate. 


- 
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The ability to react to 4,6-dinitro-o-cresol stimulation of 
anaerobic fermentation was not acquired as a direct result of a 
fall in the normal fermentation rate, since this could be progres- 
sively lowered by soaking in glucosephosphate at 45°, without 
producing any increased ability to respond to 4 ,6-dinitro-o-cresol 
stimulation (Table V). 

Accompanying the increase in anaerobic CO, production with 
4 ,6-dinitro-o-cresol, there was an equimolar increase in amount of 
anaerobic alcohol, determined by Harger’s micromethod (15) 
(Table VI). This appears to be evidence that the excess anaerobic 
COz2 and alcohol were the products of carbohydrate breakdown. 


TABLE V 


Effect of Heat Inactivation on Anaerobic Fermentation and Oxygen 
Consumption of Yeast 2 during a 50 Minute Period 


| N2 
Time of 20, "Co, 
xlucose at 45° | (10-5 4,6-dinitro-_ 


Control Control 


o-cresol u-CTeso 
min. | 
None 86 108 154 165 
30 | 65 98 139 141 
120 51 | 83 114 120 


Measurements in parallel on oxygen consumption, aerobic 
fermentation, and anaerobic fermentation yielded the following 
information. 

First, at optimum concentrations of 4,6-dinitro-o-cresol, the 
amount of glucose accounted for on the basis of CO2 production 
in the anaerobic system was approximately the same as the amount 
of glucose accounted for on the basis of oxygen consumption and 
aleohol production in the aerobic system (Table VII). At sub- 
optimal 4 ,6-dinitro-o-cresol concentrations, the metabolism?’ of 


3'Throughout this paper the words metabolism and metabolized are 
used to indicate the amount of glucose consumed, as calculated from oxygen 
consumption and CQ, and alcohol production. In these experiments the 
glucose consumption, calculated in this way, is invariably less than the 
amount of glucose which disappears from the medium. 
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anaerobic sugar exceeded that of aerobic sugar; at concentrations 
of 4,6-dinitro-o-cresol above the optimum, the reverse was the 
case. 


TABLE VI 


Effect of 4,6-Dinitro-o-Cresol on Anaerobic Alcohol and CO, Production of 
Yeast in 0.05 m Glucose 


| latedasequiv-| 

No. 4.6- No 4.6- No 4.6- 

c.mm. c.mm. mg. md. mg. mq. 
Experiment A. 4,6-Dinitro-o- | 423 | 680 | 0.87 | 1.40 | 0.80 | 1.51 
cresol = 7 X 107M, 3 mg. 644 1.33 1.35 
yeast per cc. for 120 min. period 561 1.15 1.19 
Experiment B. 4,6-Dinitro-o- | 270 | 533 | 0.55 | 1.10 | 0.55 | 1.05 
cresol = 1.6 X 1075 Mm, 6 mg. | 272 | 561 | 0.57 | 1.16 | 0.60 | 1.20 
yeast per cc. for 30 min. period 
TABLE VII 


Effect of 4,6-Dinitro-o-Cresol on Aerobic and Anaerobic Glucose Metabolism 
during a 120 Minute Period As Calculated from Reaction Products 


4,6-Dinitro- 


o-cresol 


moles per l, 


None 


107° 

2X 1075 
4x 1075 
8 X 1075 


sys 

O» used metabolism agg 

consumed y 

c.mm. 10° | moles 10° | moles 105 mg. 
992 0.74 0.03 0.77 2.59 
1570 1.17 0.55 1.72 2.99 
1535 1.14 1.95 3.09 3.29 
1088 0.81 2.90 3.71 3.32 
533 0.37 3.35 3.72 2.52 
206 0.15 1.94 2.09 | 1.17 

| 


Total caleu- 
lated glucose 
metabolism 
in anaerobic 
system 


moles 10% 


Secondly, if the amount of sugar calculated from anaerobic CO, 
was compared to the amount of sugar caleulated from oxygen 
consumption alone, there was an apparent excess, immediately 
after the sugar addition, in sugar metabolized anaerobically. 


| | 
| 
| 3.26 
| 3.58 
3.62 
2.75 
1.27 
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When the rates of reaction had dropped to negligible values, the 
amount of sugar metabolized aerobically was approximately 
equivalent to that metabolized anaerobically. The percentage 
of the added sugar which was accounted for on completion of the 
reaction was increased with 4 ,6-dinitro-o-cresol] as follows: under 
aerobic conditions from 42 to 68; under anaerobic conditions from 
43 to 64 (Table VIII). 

Thirdly, in spite of its ability to cause so large an increase in the 
proportion of sugar metabolized, 4,6-dinitro-o-cresol effected no 


TABLE VIII 


Effect of 4,6-Dinitro-o-Cresol on Glucose Metabolism As Calculated from 
Anaerobic CO. and from Oxygen Consumption 


8.3 mg. of glucose were originally present in each flask. 


Glucose oxidized as Glucose used anaerobi- Ratio 
calculated solely from cally as calculated from Glucose from oxidation 
—— Oz consumed CO: and alcohol Glucose from fermentation 
sugar 
addition 
10-5 4,6- 10-5 4,6- 
Control | dinitro-o- | Control | dinitro-o- | Control | #®Dinitro- 
cresol cresol 


min. moles X 108| moles 10*| moles X | moles 106 


30 1.08 1.62 3.78 6.85 0.29 0.24 
60 3.25 5.50 8.85 17.7 0.37 0.31 
120 7.60 13.1 17.0 29.4 0.45 0.45 
180 11.1 19.1 19.6 29.4 0.57 0.65 
240 13.9 23.4 19.6 29.4 0.71 0.80 


570 18.9 31.1 19 .6* 29 .4* 0.97 1.05 


* Extrapolated values. 


increase in the rate at which sugar disappeared from the suspen- 
sion medium (Table IX). The difference between sugar disap- 
pearing from the medium and sugar accounted for by metabolic 
products could not be recovered by acid hydrolysis, even though 
glucose and glycogen subjected to the same hydrolysis were re- 
covered quantitatively as glucose. Nor could the excess sugar be 
traced to formation of a phosphate ester, since no change in in- 
organic phosphate, as determined by the method of Kuttner and 
Cohen (20), took place. 

Fourthly, the increased aerobic alcohol formation, under treat- 


300 | 15.4 | 25.8 | | 
540 18.7 30.9 | | | | 
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ment with 4,6-dinitro-o-cresol in optimum stimulating concen- 
tration for oxygen consumption, occurred only when the yeast was 
supplied with an excess of glucose and anaerobic fermentation was 
proceeding at a high rate. When this supply of glucose was 
depleted by protracted metabolic activity, the stimulating action 


TaBLeE 
Effect of 4,6-Dinitro-o-Cresol on Rate of Disappearance of Free Glucose 


6 mg. of live yeast per cc. in pH 4.5 phosphate buffer containing 8.4 mg. 
of glucose per cc. were originally present. 


Time after mixing yeast with Glucose found” 
glucosephosphate 
No 4,6-dinitro-o-cresol 10-5 m 4,6-dinitro-o-cresol 
min mg. per cc mg. per cc 
5 6.9 6.9 
15 5.9 5.9 
30 3.5 3.5 
60 1.2 1.2 
90 None None 
100 
120 “cc 


* See Shaffer and Somogyi (24) for method. 


TaBLE X 
Effect of 4,6-Dinitro-o-Cresol on Aerobic Alcohol Formation 
O2 uptake Aerobic alcohol by analysis 

Ti 

No 4,6-dinitro- 2X 10-5 m 4,6- No 4,6-dinitro- 2X 10°5 4,6- 

o-cresol dinitro-o-cresol o-cresol dinitro-o-cresol 

min. c.mm. c.mm mg. mg. 

30 145 218 0.07 0.03 

60 388 654 0.32 0.69 
120 920 1380 0.03 0.28 
180 1185 2010 0 0.27 


of 4 ,6-dinitro-o-cresol on aerobic alcohol formation was diminished 
(Table X). In some experiments with limited amounts of glucose, 
there was a slight aerobic alcohol production in the control sample, 
accompanied by a decrease in the amount of alcohol (preformed 
by the yeast) in the 4,6-dinitro-o-cresol sample. Thus, the 


“4 


364 Effects of Dinitrocresol 


heightened aerobic fermentation in yeast treated with 4 ,6-dinitro- 
o-cresol appeared to be in great measure the indirect result of a 
heightened rate of anaerobic fermentation induced by this reagent. 

When the stimulating effect of 4,6-dinitro-o-cresol on oxygen 
consumption of yeast in various concentrations of glucose (Table 
XI) was compared with the effect of 4 ,6-dinitro-o-cresol on yeast 
in other substrates, large differences were found. The oxygen 
uptake by yeast in a medium containing as substrate only sodium 
pyruvate was increased only slightly, if at all, and yeast in a 
medium containing as substrate only alcohol showed about half 


TABLE XI 
Effect of 4,6-Dinitro-o-Cresol on Oxygen Uptake by Unwashed Yeast and by 
Washed Yeast in Various Concentrations of Glucose during a 
40 Minute Period 


| | Q, 
Yeast Glucose Increase 
| | No 4,6-dinitro- 4,6-dinitro- 
| o-cresol | o-cresol 
| mg. per cc. | | per cent 
Unwashed | None | 10.5 18.8 +79 
‘i | 10 89.8 | 105 +17 
Washed None 6.0 | 12.4 | +107 
sf 0.01 9.6 | 18.8 +96 
a 0.1 24.4 | 54.4 +123 
1 69.9 96.1 +38 
" 10 62.6 | 86.0 +37 
50 59.5 | 82.6 +39 


the stimulation displayed by the same sample of yeast in glucose 
(Table XII). 

No significant change in the ratio of aerobic CO2 to Os consumed 
was produced by 4,6-dinitro-o-cresol acting on yeast in a glucose 
medium (Table XIII). 

To see whether, in living yeast, 4 ,6-dinitro-o-cresol stimulated 
oxidation with a hydrogen acceptor other than molecular oxygen 
activated by oxidases, methylene blue was used under anaerobic 
conditions according to the Thunberg technique. Even though 
the methylene blue penetrated sufficiently well to be reduced more 
rapidly in a glucose medium than in the substrate-free medium, 
no 4,6-dinitro-o-cresol stimulation was found (Table XIV). 


] 
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TABLE XII 


Effect of 4,6-Dinitro-o-Cresol on Oxygen Consumption of Yeast in Sugar, 
Alcohol, and Pyruvate during a 45 Minute Period 


The values are expressed as Qo.. 


4,6-Dinitro-o-cresol concentration 
None |2 x 1064 10 “3x | 
l-a. 0.2% ethyl alcohol...........| 68.2. 74.6, 82.3 62.0 | 32.9 
1-b. 0.2% glucose, control........ 85.9 106 | 114 | 
No substrate, control........ 6.1 8.0. 9.4 
2-a. 1.0% ethyl alcohol........... 73.4 78.3 84.0 87.3 60.2 | 27.4 
2-b. 1.0% glucose, control........ 76.0 93.5 108 
2-c. No substrate, control........ 5.0 8.45 9.2 
3-a. 0.2% sodium pyruvate....... 49.4 48.1, 49.4 50.7) 48.1 | 38.6 
3-b. 0.2% glucose, control........ 86.3 101 116 
3-c. No substrate, control........ 5.4 6.2; 7.8 
4-a. 1.0% sodium pyruvate.......| 78.3 78.3) 78.3 80.1 | 81.6 
4-b. 1.0% glucose, control........ 84.8 107 | 118 
4-c. No substrate, control........ | 6.1 7.5 9.3 | 


TaBLeE XIII 
Effect of 4,6-Dinitro-o-Cresol on Ratio of Aerobic CO, to O, Consumed 


j 


Cor- 

Total Oz Total CO. | | Alcohol change 

Z CO»: Ors 

moles perl. | per| per | min.| ¢.mm.|¢.mm.| c.mm.| c.mm. mg mg 
ce. | cc. 
4X 10-8 |1.4 9 | 120] 169 188 | 235 2841.41.5 | 
5X 10-6 |4 | 60) 179 263) 329) 441 1.81.7 | 
5X 10-*/6 | 9 30| 182) 262 | 275) 3951.51.5 | 
6 | 9 310 | 308 481/1.7/1.6 
5X 10-16 | 9 | 45! 257) 368) 392 5651.511.5 | | 

10-5 6 | 9 | 180) 13642230 | 2790) 

10-5 6 | 1.8 180! 630 697 | 1255) 1535 2.0.2.2 +1.06 +1.481.21.2 

10-8 6 | 1.8) 180, 1110 2310 | 1580, 2150,1.410.9 +0.33 1.31.2 
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A similar absence of 4,6-dinitro-o-cresol effect was observed 
with rabbit erythrocytes which had been provided with an oxygen 
transfer system by addition of methylene blue (Table XV). 


TaBLE XIV 


Anacrobic Reduction of Methylene Blue by Washed Living Yeast 
(Temperature 25°, pH 7.4) 


Concentration of glucose Reduction time (-++5 per cent) 
mg. per cc. moles per l. min. 
None None 200 
10-5 200 
l None 140 
1 1075 143 
10 None 100 
10 10-5 100 
TABLE XV 


Effect of 4,6-Dinitro-o-Cresol and Methylene Blue on Oxygen Uptake and 
Lactic Acid Formation* by Rabbit Erythrocytes in Ringer-Phosphate 
Solution (Temperature 37°, pH 7.4) 


O2 Lactic acid 
uptake in 2 cc. | formed in 10 cc. 
in 1 hr. in 2 hrs. 
Medium No. 
o-cresol o-cresol prone 
cmm., | c.mm. mg mg 
12 21 | 2.70 | 3.55 
1-b. 0.2% ‘¢ +1073 m methylene blue:..| 76 41 | 0.56 | 0.85 
2-b. 0.08% +10-4mMmethylene blue...; 69 69 
3-a. 0.06% 10 6 | 1.87 | 2.08 
3-b. 0.06% “ +10-4m methylene blue...) 83 79 | 0.43 | 0.47 


* See Friedemann and Graeser (12) for method. 


Effect of 4,6-Dinitro-o-Cresol on Cytochrome Reduction—It is 
believed that a large proportion of oxygen used by yeast.is trans- 
ferred to the cellular reducing systems through the medium of the 


| 
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indophenol oxidase-cytochrome system (14). Krahl and Clowes, 
by measuring the time for reappearance of the 549 mu cytochrome 
band, found that 4 ,6-dinitro-o-cresol accelerated the reduction of 


yeast cytochrome in a medium free from added substrate, or in a 


glucose medium, but not in media containing a number of other 


a--~ Anerobic CO, Produced 


30 A. Oxygen Consumed 

| o—a Time of Cytochrome 
28 a Reduction 


RATIO OF YEAST SYSTEMS CONTAINING DNC TO CONTROL SYSTEMS 


02 O04 06 O08 10 12 415 18 20 22 24 26 28 30 32 
Log ( DNC Concentration X10°) 


Fic. 1. Effect of 4,6-dinitro-o-cresol on oxygen consumption, anaerobic 
fermentation, and cytochrome reduction. 


oxidizable substrates (18). These experiments were extended 
sufficiently to show that the optimum 4 ,6-dinitro-o-cresol concen- 
tration for cytochrome reduction was nearly the same as the 
optima for stimulation of oxygen consumption and anaerobic 
fermentation in yeast (Fig. 1). 
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The authors are indebted to Miss A. K. Keltch for her valuable 
cooperation in this work. 


SUMMARY AND CONCLUSION 


Experimental results presented in this paper afford substantial 
evidence that the principal effect of 4 ,6-dinitro-o-cresol on oxida- 
tion precedes and is not directly concerned with oxygen activation 
and transfer. These are as follows: (a) 4,6-dinitro-o-cresol did 
not increase the rate of oxygen consumption in dehydrogenase 
systems, or in a tissue which had been frozen and thawed, even 
though in this frozen tissue the cells had been subjected to no 
extractive treatment; (b) the maximum percentage rise in oxygen 
consumption occurred when the cellular oxidizing enzyme systems 
were least saturated with glucose; (c) with substrate present, the 
highest degree of 4,6-dinitro-o-cresol stimulation occurred in a 
medium containing glucose; (d) at concentrations of 4 ,6-dinitro-o- 
cresol which increased oxygen consumption, there was an increase 
in the rate of reduction of cytochrome; at higher concentrations of 
4 ,6-dinitro-o-cresol, which decreased oxygen consumption, there 
was a decrease in rate of reduction of cytochrome. 

There does not appear to be any reason for believing that 4,6- 
dinitro-o-cresol causes any change in the fundamental substrate 
and the mechanism of oxidation. Two lines of experimental 
evidence show that the effect of 4 ,6-dinitro-o-cresol on oxidations 
depends in a high degree on the active functioning of a naturally 
occurring oxygen transfer system. This evidence includes first 
the inability of 4,6-dinitro-o-cresol to register its effect with 
methylene blue as an anaerobic hydrogen acceptor and secondly the 
inability of 4 ,6-dinitro-o-cresol to stimulate oxygen consumption in 
red blood cells provided with an artificial oxygen transfer system. 

4 ,6-Dinitro-o-cresol can markedly stimulate anaerobic fer- 
mentation of yeast. The magnitude of this stimulating effect 
varies with the type of yeast used; this stimulation is large with 
yeast having a low normal Q<, and small or absent with a yeast 
having a high normal Q¢U,. The effect of 4,6-dinitro-o-cresol 
on the anaerobic fermentation of a given yeast can be changed 
from depression to stimulation merely by a preliminary treat- 
ment with sugar solution. For the stimulation of anaerobic 
fermentation the optimum concentration of 4,6-dinitro-o-cresol 
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is nearly the same as the optimum for stimulation of oxygen 
consumption. 

The experiments presented in this paper appear to indicate that 
4 ,6-dinitro-o-cresol can markedly affect those anaerobic processes 
which are concerned with supply and activation of the substances 
destined to be oxidized or fermented by the cell. 
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The validity of any method for determining the concentration 
of a colored substance by measuring its absorption of monochro- 
matic light depends upon the ability of that substance to obey 
certain physical laws. In our discussion of the spectrophoto- 
metric determination of oxyhemoglobin and certain of its deriv- 
atives (Ray, Blair, and Thomas, 1932) it was assumed that these 
substances obeyed such fundamental laws, since the relation- 
ships required for the determination had never been questioned, 
although the method had been in use for over 40 years. The 
particular laws essential in this determination are the laws of 
Lambert and of Beer. Lambert’s law states that light is absorbed 
by a homogeneous medium in such a way that absorption is di- 
rectly proportional to the intensity of the light at any point under 
consideration. Thus, 


[= 


where J is the intensity of the incident light and J the intensity 
after penetration of a medium the thickness of which equals n. 
This relationship may be written as 


E = —1/n log joT7’ 


where the quantity E is the extinction coefficient and T the frac- 

tion of the impinging light emerging from the solution. In the 

case of solutions, it is convenient to use the extinction coefficient 

per unit concentration, since the light absorption varies directly 

with concentration as well as with the light intensity. This fact 
371 


4 
4 


372 Beer’s Law and Oxyhemoglobin 


is expressed by Beer’s law which may be stated as follows: Kal, 
or, the extinction coefficient per unit length varies as the con- 
centration. Therefore, for any given compound, LF = C/A where 
A is a constant which equals the number of gm. per cc. of pigment 
necessary to absorb 90 per cent of the impinging light. A is 
usually derived from the reciprocal of the slope of a line repre- 
senting the relationship of C to FH. It is obvious, therefore, that 
if the relationship of C to F is not constant, the method cannot 
be considered reliable except for a restricted concentration. In 
the case of many colored solutions it is known that Beer’s law is 
not obeyed, e.g. hemocyanin (Svedberg and Heyroth, 1929, a). 
This is equivalent to the statement that in certain cases each 
dissolved molecule does not absorb light in the same manner at 
all concentrations, or that these molecules do not retain the same 
form upon dilution or concentration. The importance of this 
relationship for the spectrophotometric determination of oxy- 
hemoglobin was first recognized by Hiifner (1877-78) in the course 
of his development of the spectrophotometer as an instrument for 
the study of blood pigments. Shortly following Hiifner’s original 
observations von Noorden (1880), working under Hiifner’s di- 
rection, noted that absorption increased upon dilution. Later 
Hiifner (1893), using more precise apparatus, showed the law 
to be valid within the probable error of measurement at the wave- 
lengths ordinarily used in the spectrophotometric analysis of 
hemoglobin. 

Hiifner’s observations were made on both oxyhemoglobin and 
carboxyhemoglobin but extended over a rather restricted range 
of concentrations, namely 0.8 to 1.7 gm. per cent in the case of 
oxyhemoglobin and from 0.8 to 2.0 gm. per cent in the case of 
carboxyhemoglobin. While these concentrations are those one 
ordinarily uses in spectrophotometric measurements, it is not 
infrequent for one to use much more dilute blood especially when 
the supply is limited. Criticism has also been advanced against 
Hiifner’s spectrophotometric work by Kennedy (1927), whose 
results indicate that Hiifner’s apparatus must have had a rela- 
tively wide entrance slit and consequently a poor resolution. 
Hence the measurements were made over a wide band at a point 
where the curve indicates absorption with respect to wave-length 
is changing rapidly. The results of this condition have been 
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discussed in our previous paper. Later work carried out by 
Butterfield (1912), unfortunately upon the Hiifner type of instru- 
ment, shows a similar error as indicated by the fact that the value 
of Es40/FEs60 = 1.58, while the majority of recent observers using 
narrow slits have found this ratio to be about 1.62. It is, there- 
fore, obviously desirable that if the spectrophotometer is to be 
used as a method of hemoglobin determination, the obedience of 
this pigment to Beer’s law must be demonstrated over as wide 
a range as possible. The present paper deals with such a study 
of Beer’s law and hemoglobin carried out over a maximal range at 
wave-lengths ordinarily used, 2.e. 540 wu and 560 uu and also over 
a wave-length permitting much higher concentrations (650 py). 


Methods 


The observations in this series of determinations were made 
upon two types of instruments. The first experiments, chiefly 
concerned with dog hemoglobin, were made upon the Keuffel 
and Esser color analyzer (IKeuffel, 1925). Later experiments 
which were extended to ox, sheep, and human oxyhemoglobin, 
were made upon the Bausch and Lomb spectrophotometer. In 
all cases the apparatus was so adjusted as to give a maximal 
definition as suggested by Kennedy (1927). The hemoglobin 
was separated and purified according to the method described by 
Adair and coworkers (1921). It was either dialyzed against 
distilled water or a buffer solution. In the case of dog hemo- 
globin, when dialyzed against distilled water, the concentration 
of the hemoglobin was sufficiently high to produce a massive 
precipitation when the process had removed most of the salts. 
This precipitate was filtered off and dissolved in a buffer solution. 
In other experiments the pigment was brought into equilibrium 
with the buffer solution during the process of dialyzing. [very 
effort was made to keep the inactivation of hemoglobin as low 
as possible and in no case was a solution of hemoglobin used when 
the degree of inactivation (calculated as methemoglobin) was 
over 5 per cent. - 


Results 


Fig. 1 represents an extension of the original Hiifner experiment 
on oxyhemoglobin over the widest range of concentrations pos- 
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sible with the apparatus available. This extends from a con- 
centration where the transmission was only 6 per cent to a degree 
of dilution where 100 cc. of the solution appeared but faintly 
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Fic. 1. Relationship of concentration to absorption at 540 wu and 560 up 


straw-colored. The actual concentrations varied from 0.002 to 
to 0.2 mm (0.013 to 1.3 gm. per cent). In all cases the mM con- 
centration has been calculated on the basis of Adair’s (1925) 
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figure for the molecular weight of hemoglobin, 7.e. 66,800. The 
absorption is reduced to a solution thickness of 1 em. The hy- 
drogen ion concentration of the solutions used varied from pH 
6.5to 11.0. Itis evident from this chart that Beer’s law is obeyed 
and as previously noted by Kennedy (1927) is independent of 
hydrogen ion concentration over the range studied. It is inter- 
esting to note also that the value of A at 540 uy agrees definitely 
with the value used in our previous paper. We find the reciprocal 
of the slope of this line to be 0.001104, agreeing very closely with 
the figure 0.0011 given by Davis and Sheard (1927). The ratio 
of the slope of the line for wave-length 540 uy to that of 560 uu 
is 1.62, again an excellent agreement with our previously deter- 
mined figure of 1.619. These experiments represent observations 
made well beyond the normal concentrations dealt with when 
normal bloods that have been diluted from 100 to 500 times are 
used. The maximal concentration, none the less, is very low. 
It appeared to us to be of considerable interest to extend the 
range by making observations at some wave-length where absorp- 
tion is very low, thus permitting the use of high concentrations. 
Such observations carry a particular significance, since Adair 
(1929) has shown that variations occur in the neighborhood of 

4 gm. per cent. If these changes are the result of molecular | 
alterations incidental to dilution or concentration, additional 
evidence should be supplied by means of spectrophotometric 
observations. In order to obtain this high transmission we 
arbitrarily made readings at 650 uu. Fig. 2, Curves A and A’, 
presents the results obtained at this wave-length on a series of 
hemoglobin solutions varying in hydrogen ion concentration from 
pH 6.5 to 11.0. These readings indicated a marked variation 
in each individual curve but for the purpose of clarity in the 
present discussion the experimental points for any single sample 
of hemoglobin have been multiplied by a constant in order that 
the results may be presented as a single line and the analysis of 
the individual variations has been left for the future. This line 
shows a very interesting characteristic. It will be noted that in 
the neighborhood of 0.6 mm the observed Curve A’ diverges from 
Curve A, predicted from Beer’s law, in a very definite manner. 
The point of divergence is of particular interest since 0.6 mm 
corresponds to 4 gm. per cent. Curves B and B’ have been 
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hic. 2. Variation in absorption with concentration at 650 uu compared 
with the variation in activity with concentration (from Adair (1929)). 
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plotted from Adair’s results (1929) which indicate an increase 
in activity (Curve B’) from the predicted activity (Curve B) 
based upon readings made below 4 per cent. The point of diver- 
gence, it will be seen, occurs at the same concentration as in the 
spectrophotometric results. This similarity is striking. 

The phenomenon of a decrease from the predicted in the case 
of light absorption by a molecule may mean an intramolecular 
change as a result of which certain bindings, of an energy corre- 
sponding to the energy of the radiation absorbed at this wave- 
length, are weakened as mentioned above or it may be that 
certain bindings entirely disappear as a result of a reversible mo- 
lecular disintegration. This latter concept has been demonstrated 
in the case of hemocyanin by Svedberg and Heyroth (1929, a) 
who noted that the hemocyanin from Limulus polyphemus under- 
goes a breakdown with changes in concentration and in conse- 
quence does not obey Beer’s law. These same authors (1929, b) 
have also shown that the pigment from Helix shows changes in 
viscosity and diffusion with a change in concentration of such a 
nature as to indicate an increasing number of particles in solution. 
The increased activity of hemoglobin beyond that predicted, as 
shown by Adair, is so definitely associated with a loss in light 
absorption, that it seems indicative that we are dealing in this 
case with results similar to those obtained by Svedberg and Hey- 
roth. In any event, through our choice of 650 uu as the wave- 
length at which to study absorption, we found a radiant energy 
which indicates an alteration in the hemoglobin molecules when 
the solution is concentrated. At the present state of our experi- 
mental work it is quite impossible to say whether these results 
indicate an actual breakdown of the Hb,Os to some fractionate 
type of molecule such as Hb3O, or Hb.O, or into the single com- 
ponent HbO,. The fact that the line appears to be a very definite 
curve would lead one to suspect that mixtures of all four fractions 
exist at one time in varying proportions and that only at some 
concentration too high for this mode of study would one reach 
a state where the entire solution consisted of HbO, alone. 


SUMMARY 


Oxyhemoglobin when studied over the widest possible range 
of concentration at the wave-lengths ordinarily used in the study 
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of hemoglobin, namely 540 yu and 560 yy, shows an excellent 
obedience to Beer’s law, i.e. E = C/A. This relationship is 
independent of hydrogen ion concentration or salts in solution. 
Since the results were obtained over thicknesses ranging from 1 
to 10 cm., it is also obvious that Lambert’s law is obeyed. 

On the other hand, if a long range of concentrations is studied 
at a wave-length of high transmission, 7.e. 650 wu, peculiar effects 
are observed. Beer’s law is not obeyed; the measured absorption 
diverges from the predicted at 4 gm. per cent (0.6 mM), indicating 
molecular changes starting at about this concentration. 

A possible basis for the similarity between Adair’s and Sved- 
berg’s results and the spectrophotometric is suggested. 


The authors wish to acknowledge the technical assistance of 
Dr. C. I. Thomas and Miss M. M. Taylor. 
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LIVER ARGINASE IN MYASTHENIA GRAVIS 


A CONTRIBUTION TO THE QUESTION OF THE ORIGIN 
OF CREATINE 


By ADE T. MILHORAT 


(From the Russell Sage Institute of Pathology in Affiliation with New York 
Hospital, New York) 


(Received for publication, July 3, 1935) 


Arginine has often been considered a probable precursor of 
creatine in the body because of the structural similarities of the 
two substances. Experimental evidence of such a relationship 
is still lacking, however, and the investigations of Thomas (1-3), 
Rose (4), Gibson and Martin (5), and Brand (6) and their col- 
laborators present evidence against such a view-point. 

Edlbacher and Rother (7) have suggested that the conversion 
of arginine into ornithine and urea is only one possibility in the 
intermediary metabolism of arginine. They consider it very 
probable that only part of the arginine is metabolized in this man- 
ner, and that another part can be oxidized and converted into 
creatine. They determined the arginase content of a variety of 
animals and found the total amount of the ferment in the females 
of the different species to be 60 to 70 per cent of that found in 
the males. The testes were found to contain arginase whereas 
the ovaries contained none. Since a creatinuria is of frequent 
occurrence in women, children, and eunuchs, they suggested the 
possibility of an inverse relationship between the arginase con- 
tent of the organism and the conversion of arginine into creatine. 
It seemed of interest, therefore, to determine the amount of ar- 
ginase in the liver of a patient who had excreted large quantities 
of creatine. 


EXPERIMENTAL 


The patient was a 14 year-old boy weighing 38 kilos, who ap- 
parently enjoyed good health until 2 to 3 months before his ad- 
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mission to New York Hospital, when he became fatigued easily 
and had difficulty in swallowing. The condition progressed 
rapidly so that he was soon confined to bed, and for the week 
preceding admission he was unable to swallow even fluids. On 
admission, the patient was emaciated, dehydrated, and in a grave 
condition. ‘There was considerable weakness of the muscles of 
the face, pharynx, and arms, and practically all of the voluntary 
muscles were readily exhausted after a few contractions. At- 
tempts to dislodge mucoid material, which persistently accumu- 
lated in the throat, were followed by alarming attacks of severe 
respiratory weakness. Following the administration of adequate 
amounts of fluid and nourishment by nasal catheter, and of 
ephedrine and glycine! the patient’s strength improved, but on 
the 9th day after his admission, he developed a respiratory infec- 
tion and within 48 hours he had pulmonary edema and died. 
During an 8 day period, the patient excreted an average of 0.756 
gm. of preformed creatinine on a creatinine-creatine-free diet. 
The average daily creatine output was 0.340 gm. except on two 
occasions when 1.32 gm. of creatine administered per os were 
quantitatively recovered. ‘Tests for urinary ketone bodies were 
negative. 

The postmortem findings of generalized lymphoid hyperplasia, 
and of lymphocytic infiltration of the voluntary muscles, were 
typical of myasthenia gravis. The liver, which was removed 
about 3 hours after death, was normal in size and appearance 
and weighed 1320 gm. Of this, 222 gm. were immediately cut 
into small pieces, put in glycerol, and placed in the ice box until 
used. The tissue was then ground in a meat chopper and finely 
divided by rubbing with sand in a crucible. With the method of 
Kdlbacher and Roéther (8), who have shown that a glycerol solution 
will preserve the arginase, the ferment was extracted by shaking 
the material frequently and thoroughly with 1100 ce. of glycerol. 
The glycerol extract was filtered through gauze, centrifuged, and 
finally clarified by means of the Sharples centrifuge. 

Determination of Arginase—Portions of the glycerol solutions 


130 gm. of glycine were given daily. That the level of the creatinuria 
was influenced by the ingestion of glycine seems most probable from studies 
made on several other patients. This effect of glycine will be discussed 
fully in a later article, by A. T. Milhorat and H. G. Wolff. 
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were diluted with water to 4 times their volume and used in the 
following experiments. Aliquots of the diluted extract were 
added to solutions of d-arginine, containing a phosphate buffer 
to maintain the optimum pH of 9.0 to 9.2, and covered with a 
few drops of toluene. The flasks were placed in the thermostat 
at 47° for 72 hours. The pH was then adjusted to 7.0 and the 
urea determined by the urease method. Several determinations 
were made, of which the following are typical. 


124 mg. d-arginine (crystalline) gave 32.1 mg. urea (90.6% of theoretical 
amount) 

124 “32.8 (92.7% of theoretical 
amount) 


The remaining traces of arginine were demonstrated by a faintly 
positive Sakaguchi reaction. In these experiments, 5 cc. of di- 
luted glycerol extract, the equivalent of 0.25 gm. of fresh liver 
tissue, were used. The amount of arginase determined actually 
exceeded that found in normal liver tissue by Edlbacher and 
Bonem (9). In all the experiments in which adequate amounts 
of glycerol solution were used, the Sakaguchi reaction became 
negative after 24 to 72 hours. 

Controls—Control determinations for preformed ammonia in 
all the solutions gave minimal amounts which were deducted from 
the amounts determined in the experiments. Likewise, the 
urease procedure was controlled by blank determinations on buffer 
solutions to which arginine or glycerol solution had been added. 

To rule out the possibility that the urea formation from arginine 
could be due, even in part, to the action of bacteria (Ackermann 
(10) ), several experiments were carried out in which all the solu- 
tions were rendered bacteria-free by passing them through a 
Berkefeld filter. These solutions were maintained in a sterile 
condition throughout the experiment and the formation of theo- 
retical amounts of urea was demonstrated as in the experiments 
described above. At the end of the experiment, the sterility of 
the solutions was proved by culture, and the disappearance of 
the arginine was indicated by a negative Sakaguchi reaction. 

Identification of Ornithine—Besides showing the disappearance 
of the arginine with the formation of corresponding amounts of 
urea, it was considered desirable to demonstrate the formation of 
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the ornithine. To this end, 500 mg. of d-arginine (crystalline) 
were dissolved in 150 cc. of water and treated with 5 cc. of glycerol 
solution and 0.5 cc. of buffer solution to maintain the pH at 9.0 
to 9.2. This was placed in the thermostat at 47° for 96 hours. 
At the end of this time the Sakaguchi reaction was faintly positive. 
The pH was then adjusted to 7.0 and the urea determined by the 
usual Folin method with urease. The 117.3 mg. of urea deter- 
mined represent 84 per cent of the theoretical yield. 

The solution was concentrated on the steam bath to 20 cc., 
acidified with sulfuric acid, and precipitated with phosphotungstic 
acid, the precautions suggested by Kiesel (11) being used. After 
72 hours, it was filtered over suction. The precipitate was washed 
with a cold saturated phosphotungstic acid solution, and then 
treated with baryta in the usual manner. In order to remove 
any remaining arginine, the filtrate from the baryta decomposition 
was slightly acidified with nitric acid; silver nitrate was added in 
liberal amounts and the solution was precipitated completely 
with cold baryta solution. The brown precipitate which should 
contain the arginine was filtered off. After the silver had been 
removed with hydrochloric acid, and the barium with sulfuric 
acid, the solution was again precipitated with phosphotungstic 
acid and filtered in the manner described above. The precipitate 
was decomposed with baryta and the alkaline filtrate which should 
contain the ornithine, if present, was freed from barium with car- 
bon dioxide and concentrated on the steam bath to 10 cc. 

One-half of the solution was used in an unsuccessful attempt 
to isolate the ornithine as dibenzoylornithine (Schulze and Win- 
terstein (12)). The remaining 5 cc. were acidified with hydro- 
chloric acid and evaporated to dryness on the steam bath. The 
residue was treated with a few cc. of warm methyl! alcohol and 
filtered. The alcoholic filtrate was evaporated to dryness, and 
the residue so obtained was similarly extracted and filtered. This 
filtrate was evaporated to dryness. The small residue was dis- 
solved in 2 cc. of water and precipitated with an alcoholic solution 
of picric acid. 

The precipitate was treated with a small amount of warm al- 
cohol and filtered. After concentrating the alcoholic filtrate, a 
few mg. of yellow crystals were obtained which melted at 204°. 
The melting point agreed with that of d-ornithine monopicrate 
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(Ixossel and Weiss (13) ), and remained unchanged when the sub- 
stance was further treated with alcohol. A mixture of the sub- 
stance and ornithine picrate gave no depression of the melting 
point. On microscopic examination, the appearance of the crys- 
tals was identical with that of ornithine picrate (Schulze and 
Winterstein (12) ). 


DISCUSSION 


Recent work (6, 2) has indicated that creatine can arise in the 
body as a synthetic product of glycine. Weber (14) has shown 
that glycocyamine is very likely an intermediary substance. The 
manner in which this process takes place is not known but it ap- 
pears from the work of Thomas (3) that the guanidine group in 
creatine is not synthesized in the same way as is that in arginine. 
Whether arginine is capable of being converted into glycine and in 
this manner serve as a precursor of creatine has never been demon- 
strated, although the finding of Thomas, Milhorat, and Techner 
(3), that y-aminobutyric acid can give rise to creatine suggests 
this possibility. 

According to the Czernecki-Knoop-Neubauer theory, the con- 
version of arginine into creatine proceeds first by the oxidation of 
the amino acid to guanidineacetic acid, and then by the methyla- 
tion of the product to form creatine. This is based on the as- 
sumption, however, that the arginine either escapes the action 
of the arginase or is resynthesized after the intervention of the 
ferment. That the amounts of arginase normally present in the 
liver are adequate to convert to ornithine all the arginine delivered 
by the portal vein seems probable (Krebs and Henseleit (15), 
lelix and Tomita (16)). It might be postulated, however, that 
when inadequate amounts of the ferment are present, creatine 
can be formed from the arginine in amounts sufficient to exceed 
the ability of the body to retain all of it. If the opinion of Edl- 
bacher and Roéther that some instances of creatinuria can be re- 
ferred to such a mechanism is correct, one might expect an appre- 
ciable diminution in the amounts of liver arginase in myasthenia 
gravis associated with a creatinuria of considerable magnitude. 
The amounts of arginase found were normal, however, and the 
observations recorded in our patient offer no evidence that the 
creatinuria occurring in myasthenia gravis is related in any way 
to a lack of liver arginase. 
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SUMMARY 


It had been postulated that inadequate amounts of arginase 
might permit the preservation of the guanidine group in arginine, 
and the oxidation and conversion of this amino acid into creatine. 

The amount of the ferment in the liver of a boy with myasthe- 
nia gravis who had excreted large amounts of creatine was found 


to be normal. 
Quantitative determinations in this case indicate that the 
creatinuria in myasthenia gravis is not related to any lack of 


liver arginase. 
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George Washington University, Washington) 


(Received for publication, July 11, 1935) 


The carbobenzoxy procedure for the synthesis of peptides by 
Bergmann and Zervas has been of inestimable value in providing 
a method for obtaining peptides previously unknown or prepared 
only with great difficulty (1). The method is based on the prepa- 
ration of the carbobenzoxy derivative of the peptide followed by 
removal of the carbobenzoxy group by catalytic reduction with 
hydrogen. However, attempts to remove the carbobenzoxy 
groups from dicarbobenzoxycystinyldiglycine by catalytic reduc- 
tion with hydrogen and platinum or palladium black as a catalyst 
were unsuccessful, as observed by White (2). In searching for 
some other method of removing this group White found that 
partial hydrolysis of the derivative with HCl at 60° was effective 
and he was able to isolate from the hydrolysate an amorphous, 
water-soluble peptide which gave the correct analysis for cystinyl- 
diglycine. Furthermore, the compound gave, with the Sul- 
livan test, a magenta color which had been described by Mason 
for the cysteinylglycine isolated from glutathione (3). 

Recently it was reported from this laboratory that the carbo- 
benzoxy group can be removed from a peptide by reduction in 
liquid ammonia with metallic sodium (4). Since it was also found 
that dicarbobenzoxycystine could be almost quantitatively con- 
verted to cysteine by this method, its application to the cleavage 
of the carbobenzoxy group from cystine peptides seemed, there- 
fore, to be very promising. It occurred to us that this method 
of cleavage might yield a product free enough of traces of certain 
impurities to allow it to erystallize. The erystallization of such 
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compound would be particularly significant both for identifiea- 
tion purposes and for physiological work. To appreciate the 
significance of having pure crystalline compounds for physiolog- 
ical work one need only recall the fact that many of the physio- 
logical properties reported for amorphous glutathione were later 
found to be absent in the pure crystalline product. 

This method of reduction involving sodium in liquid ammonia 
was therefore applied to the cleavage of dicarbobenzoxycystiny]- 
diglycine. The cysteinylglycine so obtained was then oxidized 
in aqueous solution to the disulfide, cystinyldiglycine, and the 
latter precipitated by the addition of alcohol. By repeated solu- 
tion and reprecipitation, the cystinyldiglycine was obtained 
halogen-free and was finally crystallized from dilute alcohol solu- 
tion. The crystalline product gave a magenta color with the 
Sullivan test, 1 mg. of the compound yielding a depth of color 
approaching that of the orange-red color given by 0.8 mg. of 
cystine. 

For further purposes of characterization the dicarbobenzoxy 
derivative was prepared. This was found to be identical in 
melting point and other properties with the starting material 
from which the cystinyldiglycine had been prepared. The S§- 
benzyl] derivative of the reduced form was also prepared and found 
to yield a readily crystallizable product. The analysis of the 
latter compound also confirmed the structure of the crystalline 
peptide. This derivative, the S-benzyleysteinylglycine, can be 
prepared in liquid NH; from either cystinyldiglycine, cysteinyl- 
glycine, or from dicarbobenzoxycystinyldiglycine by the method 
described by us for the preparation of S-benzyleysteine (5). 
Furthermore, in analogous behavior to that of S-benzylcysteine 
(4) the benzyl group can be removed by treatment with sodium 
in liquid ammonia. Cysteinylglycine and cystinyldiglycine can 
then be obtained again. 

Having been able to isolate cystinyldiglycine in crystalline 
form and in addition a crystalline S-benzyl derivative, we were 
interested in isolating the cystinyl peptide from glutathione to 
compare its properties with our synthetic compound. Gluta- 
thione was therefore heated in aqueous solution at 62° for 120 
hours and cysteinylglycine isolated according to the method of 
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Kxendall, Mason, and McKenzie (6). A portion of the product 
obtained was then oxidized by aeration. On seeding a dilute 
alcohol solution of this material with a few crystals of the synthetic 
cystinyldiglycine the compound crystallized. It was identical 
in properties with the synthetic peptide. Likewise a portion of 
the cysteinylglycine isolated from glutathione was converted to 
the S-benzyl derivative and this also proved to be identical in 
crystalline form and chemical properties with the synthetic S- 
benzyleysteinylglycine prepared above. The isolation of erystal- 
line cystinyldiglycine from the partial hydrolysis of glutathione 
and the preparation of the crystalline S-benzyl derivative and 
their agreement in properties with the synthetic compounds 
afford for the first time a synthetic proof of the identity of the 
peptide which Kendall, Mason, and McKenzie obtained by the 
partial hydrolysis of glutathione. 


EXPERIMENTAL 


Preparation of Dicarbobenzoxycystinyldiglycine—This compound 
was prepared from the acid chloride of dicarbobenzoxycystine by 
condensing the latter with glycine in alkaline solution. The 
dicarbobenzoxycystine and its acid chloride were prepared by the 
method of Bergmann and Zervas (1). The acid chloride obtained 
from 15 gm. of dicarbobenzoxycystine was added in equal portions 
along with 57 ec. of N NaOH to 6.6 gm. of glycine (3 moles) 
dissolved in 87.9 ec. of N NaOH, cooled in an ice-salt bath. Dur- 
ing the addition of the chloride and for about half an hour after- 
wards the solution was stirred vigorously by means of a mechan- 
ical stirrer. The alkaline solution was then acidified with HCl 
and the crude dicarbobenzoxycystinyldiglycine filtered. The 
amorphous precipitate was washed several times with water, until 
the washings were neutral or only faintly acid to Congo red, and 
then sucked dry on a Buchner funnel. This moist solid was then 
transferred to a beaker and dissolved in the minimum volume of 
hot dioxane. The solution was filtered and, on standing, fine 
needles of dicarbobenzoxycystinyldiglycine separated. These 
were filtered and washed with ether. The yield was 9.4 gm. An 
additional yield of 4.8 gm. could be obtained by concentrating the 
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mother liquor. The melting point of the product recrystallized 
from ethyl acetate was 182--183° (corrected). 


3.522 mg. substance: 0.276 cc. N at 25° and 765 mm. 


: 5.437 mg. BaSO, (micro-Parr bomb) 
CosHsoO;oN4Se. Caleulated. N 9.00, S 10.30 
Found. “9.04, 10.21 


White has reported the melting point of dicarbobenzoxy- 
cystinyldiglycine to be 161—163° (2), while Bergmann and Zervas 
have found the diethyl ester to melt at 166° (corrected) (1). We 
have also obtained this latter value for the melting point of the 
diethyl] ester. 

Preparation of Cystinyldiglycine—1.7 gm. of sodium cut into 
small pieces were added to 6.2 gm. of dicarbobenzoxycystiny]- 
diglycine dissolved in about 50 cc. of liquid ammonia contained 
in a 125 ec. three-necked round bottom flask fitted with a mercury 
seal mechanical stirrer. The solution, cooled in a _ trichloro- 
ethylene-solid CO, bath, was stirred gently to allow a moderate 
but not too rapid reaction. The completion of the reaction was 
‘shown by the appearance of the blue color due to free sodium. 
The ammonia was evaporated and the flask evacuated on the 
water pump to remove the excess ammonia. The residue re- 
maining was dissolved in a small volume of water, the flask was 
again evacuated, and the solution was made neutral with HI. 
The reduced peptide was oxidized by aerating the solution until 
the nitroprusside test was negative. The solution was then made 
slightly acid to litmus with HI, concentrated tn vacuo until crys- 
tals of sodium iodide began to separate, and the oxidized peptide 
was precipitated by the addition of several volumes of alcohol. 
The compound was obtained halogen-free by repeated solution 
of the amorphous product in a small volume of water and precipi- 
tation with alcohol. The amorphous compound was then dis- 
solved in a small volume of water, enough alcohol was added to 
give the solution a cloudy appearance, and the mixture was al- 
lowed to stand overnight in the refrigerator. The peptide first 
separated as a syrup but gradually solidified and foci of hard 
granular crystals appeared all over the sides and bottom of the 
flask. About 1.3 gm. of crystals separated, while an additional 
1.4 gm. were obtained when more alcohol was added to the mother 
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liquor. It was also found that the peptide could be crystallized 
directly from water by dissolving the amorphous product in a 
small volume of water and seeding the solution with the crystals 
obtained above. From dilute alcohol solution it separates as 
square and rectangular prisms as shown in Fig. 1, containing 2 
molecules of water of crystallization. The pure compound de- 
composed on the Dennis bar at 210° and gave the following 
analytical values for nitrogen and sulfur. 


1.504. mg. substance: 0.212 ec. N at 29° and 763 mm. 


0.1091 gm. = : 0.1435 gm. BaSO, (Carius) 
Cy, oH;sOgNaSe. Calculated. N 15.82, S 18.10 
Found. 15.92, 18.07 


Fig. 1. Cystinyldiglycine (about 50 x) 


A 1 per cent aqueous solution of the dried material gave a rotation 
of [a]? = —67.5°, while a 1 per cent solution in N HCl gave a 
value of [a]?’ = —86.0°. 100 mg. were hydrolyzed by refluxing 
for 23 hours in N HCl. The solution was concentrated to dry- 
ness in vacuo and the residue dissolved in water. On neutralizing 
this solution, 40 mg. of cystine were obtained. 

In order to show that no rearrangement or decomposition had 
taken place during the reduction of the dicarbobenzoxycystinyl- 
diglycine and the oxidation of the reduction products, a sample 
of the pure cystinyldiglycine was converted back to the original © 
dicarbobenzoxyeystinyldiglycine. 1 gm. of eystinyldiglycine was 
dissolved in 5.2 ec. of N NaOH and treated with 2 gm. of carbo- 
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benzoxy chloride and 11.7 ec. of N NaOH in a flask cooled in an 
ice-salt mixture. After being shaken and mixed for about half 
an hour, the solution was extracted twice with ether and acidified. 
The crude product was washed with water until free of acid and 
crystallized from dioxane. The yield was 1.14 gm. After one 
recrystallization from ethyl acetate the product gave a melting 
point of 182—183° (corrected), while a mixed melting point with 
the original dicarbobenzoxycystinyldiglycine gave the same value. 

The sulfhydryl peptide or cysteinylglycine was also prepared, 
although this compound was not obtained in a crystalline form. 
Dicarbobenzoxycystinyldiglycine was reduced with sodium in 
liquid ammonia and the ammonia removed as indicated above. 
The residue remaining was then dissolved in water and the 
cysteinylglycine obtained by the method involving HgSO, pre- 
cipitation as described by Kendall, Mason, and McKenzie (6) 
for the isolation of cysteinylglycine from the partial hydrolysis 
of glutathione. 

Preparation of S-Benzylcysteinylglycine from Cystinyldiglycine— 
The S-benzyl! derivative of the reduced peptide was first prepared 
from cystinyldiglycine by reduction with sodium in liquid ammo- 
nia followed by benzylation with benzyl chloride. 0.76 gm. of 
cystinyldiglycine was dissolved in about 15 ce. of liquid ammonia 
and treated with 0.3 gm. of sodium, which was sufficient to provide 
a slight excess. 0.6 gm. of benzyl chloride was then added and 
the solution mixed gently. The ammonia was allowed to evapo- 
rate at room temperature and the residue dissolved in cold water. 
The solution was extracted twice with ether and then made barely 
acid to litmus with HCl. 0.21 gm. of crystalline material sepa 
rated. This was recrystallized from a small amount of warm 
water after being treated with a little carbex E. The compound 
crystallized from water as bunches of long narrow plates melting 
with decomposition at 166-167° (corrected). 


3.030 mg. substance: 0.280 ec. N at 28° and 766 mm. 


0.0458 gm. 9 : 0.0400 gm. BaSO, (Carius) 
CoH, Calculated. N 10.45, S 11.96 
Found. 10.56, ** 12.00 


Preparation of S-Benzylcysteinylglycine from Dicarbobenzoxry- 
cystinyldiglycine—In order to prepare S-benzyleysteinylglycine 


. 
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from dicarbobenzoxycystinyldiglycine, the latter was treated 
with sodium in liquid ammonia as described in the preparation 
of cystinyldiglycine. To the resulting liquid ammonia solution 
2.2 moles of benzyl chloride were added and the solution gently 
mixed. The S-benzyl derivative was then isolated as described 
above. The yield from dicarbobenzoxycystinyldiglycine was 
approximately 84 per cent of the theoretical. | 

Isolation of Cystinyldiglycine and S-Benzylcysteinylglycine from 
Glutathione—310 mg. of cysteinylglycine were isolated from 1.0 
gm. of glutathione following hydrolysis at 62° for 120 hours ac- 
cording to the method of Kendall, Mason, and McKenzie (6). 
200 mg. of this material were dissolved in about 2 cc. of water 
and the solution, after being made slightly alkaline to litmus with 
Ba(OH)s, was aerated until the nitroprusside test was negative. 
The Ba++ was then removed with H.SO, and the solution concen- 
trated zn vacuo to a syrupy residue. This was dissolved in about 
2 ec. of water and enough alcohol was added to make the solution 
slightly cloudy. The solution was seeded with a few crystals of 
the synthetic cystinyldiglycine, which induced crystallization to 
set in. 30 mg. of crystalline cystinyldiglycine, identical in all 
respects with the synthetic product, were obtained. 

From the cysteinylglycine, obtained from glutathione, the S- 
benzyl derivative was prepared by the same general procedure 
as used for its preparation from cystinyldiglycine. 110 mg. of 
the sulfhydryl peptide were first treated in liquid ammonia with 
60 mg. of sodium, and then with 90 mg. of benzyl chloride. After 
evaporation of the ammonia the residue was dissolved in water, 
and the solution extracted with ether and neutralized with HCl. 
When the solution was evaporated almost to dryness in a current 
of air, the S-benzy] derivative crystallized. The yield was 53 mg. 
The product was recrystallized from warm water and melted with 
decomposition at 166-167° (corrected). An equal mixture with 
synthetic S-benzyleysteinylglycine also melted with decomposi- 
tion at 166-167° (corrected). 


SUMMARY 


A method is described for the preparation of cystinyldiglycine 
in crystalline form from dicarbobenzoxycystinyldiglyeine with 
sodium in liquid ammonia. 
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It has been shown that the dipeptide obtained by Kendall, 
Mason, and McKenzie by the partial hydrolysis of glutathione 
ean be converted to crystalline cystinyldiglycine on oxidation 
with air, thus affording synthetic proof of the identity of this 
peptide. 

The reduced peptide, cysteinylglycine, obtained from gluta- 
thione yielded the same crystalline S-benzyl derivative as that 
prepared from synthetic cystinyldiglycine. 
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The use of methionine as the starting material for the prepa- 
ration of homocystine has naturally made homocystine a rather 
expensive compound and has hindered the carrying out of various 
physiological experiments involving large amounts of the material. 
As the work on homocystine has progressed the need of a method 
of synthesis which would make the compound more accessible 
has become more and more apparent. 

The ease of resolution of S-benzylhomocysteine and its simple 
conversion in high yields to homocystine, which we have recently 
reported (1), directed our attention to the possibilities of synthe- 
sizing this derivative as an intermediary step in the synthesis 
of homocystine itself. The direct synthesis of S-benzylhomo- 
cysteine would, of course, make the preparation of the optical 
isomers of homocystine more convenient; up to the present time 
it has been necessary to prepare methionine, convert it to homo- 
cystine, and then make the benzyl] derivative for resolution pur- 
poses. Furthermore, a practical synthesis of S-benzylhomo- 
cysteine would have the advantage of making available a single 
key substance from which could be prepared, in addition to homo- 
cystine, methionine, S-ethylhomocysteine, homocysteine, the 
lactone of homocysteine, and various other derivatives. 

With this in mind the synthesis of homocystine was attempted 
and was accomplished through the series of reactions shown on 
the following page. 

In the reduction of the carbobenzoxy group from carbobenzoxy- 
carnosine by sodium in liquid ammonia, we reported the isolation 
of dibenzyl from the reaction mixture (2). We have recently 
found that, in addition to the dibenzyl, toluene is formed in this 
type of redus‘ion. The formation of dibenzyl and small amounts 
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C,H;—CH,---S—Na + C,H; —_S—CH,—CH—C 


+ 
COOEt | COOEt 
| 
CH; —CH:;--CH Na—CH 
| COOEt COOEt 
KOH 
COOH COOH 
B ‘9 
C;H;—-CH: CH,-—CH.—CH C,H;— CH2— ~CH.—-CH,—C —Br 
| 
COOH | COOH 
NH,OH 
CH—COOH | COOH 
| HCl 
NH; <—-—-— 
Na in liquid NH; 
COOH 
S—CH.,—CH.—CH—CooH 
| | 
| 
| 
NH, S—-CH.—-CH;—-CH—-COOH 
(Homocysteine) (Homocystine) 


of toluene was also found to take place in the cleavage of the 


benzyl group from the benzylthio ether, benzylhomocysteine. 
In the catalytic splitting of carbobenzoxy groups with platinum 
and hydrogen, toluene has been reported as a product of the re- 
action (3). It might be added that the observatiori has recently 
been made in this laboratory that small amounts of dibenzyl are 
also formed in this reduction (4). 

In addition to splitting off the benzyl group from S-benzyl- 
homocysteine in liquid ammonia with metallic sodium, as we have 
already reported (1), we have found that this reaction can also 
be earried out by sodium reduction in aleohol with excellent 
yields. 


EXPERIMENTAL 


Preparation of Benzyl-B-Chloroethyl Sulfide—23 gm. of sodium 
were added to 150 ec. of methyl aleohol and as soon as the vigor- 
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ous reaction had somewhat subsided, 124 gm. of benzyl mercaptan 
were added. When the sodium had dissolved completely, the 
mixture was quickly poured into a 3 liter flask containing 380 cc. 
of ethylene chloride. A large bore condenser was then securely 
attached to the flask, the mixture thoroughly shaken, and the 
flask immersed in a large ice bath. A very vigorous reaction 
took place within a minute or two. ‘To obtain the best yield it 
was necessary to allow the reaction to proceed vigorously, but 
care must be taken to control the rate of the reaction by cooling 
in order to prevent the solution from boiling over.! 

After the reaction had subsided, the mixture was allowed to 
remain out of the ice bath for 5 minutes and was then poured into 
a separatory funnel containing 1 liter of water. The lower layer 
was separated and distilled at 100 mm. until the excess ethylene 
chloride was removed. The distillation was then continued and 
the fraction boiling at 114-116° at 1 mm. pressure was collected. 
132 to 137 gm. of benzyl-@-chloroethyl sulfide were obtained, 
which is 71 to 75 per cent of the theoretical yield. The product 
had the same properties as those described by Dawson (5) who 
prepared it by the action of sodium benzyl mercaptide on ethylene 
chlorohydrin followed by chlorination. The method here de- 
scribed is, however, more convenient and less expensive. The 
compound had the following composition. 


0.2119 gm. substance: 10.30 cc. 0.1095 n AgNO; 


0.1207 ‘ sis : 0.1519 gm. BaSO, (Parr bomb) 
CyH;,CIS. Calculated. Cl 19.00, S 17.18 
Found. 18.87, 17.28 


Preparation of Benzylthiolethylmalonic Acid—To a solution of 
46 gm. of sodium in 1 liter of absolute aleohol were added 480 gm. 
of diethylmalonate followed by 373 gm. of benzyl-8-chloroethy] 
sulfide. After the solution had been refluxed for 6 hours, it was 
added to a freshly prepared solution of 560 gm. of KOH in 2 liters 
of 50 per cent alcohol at such a rate that the mixture boiled con- 
tinuously. The resulting solution was then refluxed 1 hour longer 
and the alcohol removed completely zn vacuo. During the distil- 
lation of the aleohol, water was added from time to time so that 
the final volume was about 2 liters. The solution was cooled in 


1 It might be mentioned that the benzy|l-8-chloroethyl sulfide is a strong 
skin vesicant. 
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an ice bath and 1 liter of concentrated HCl was added. The 
HCl should be added gradually until neutrality is reached, after 
which the remaining amount should be added quickly. The mix- 
ture was then extracted twice with 1 liter of ether. 2 liters of 
benzene were added to the ether extract and the solution distilled 
in vacuo until the ether had been removed. On cooling over- 
night the benzylthiolethylmalonic acid crystallized. 360 gm. of 
air-dried material were obtained. Upon concentration the ben- 
zene mother liquor yielded an additional 20 gm. of the acid. The 
total yield was 75 per cent of the theoretical amount. This prod- 
uct can be used directly for the next step. The purified acid 
melted at 114—117° and had the following composition. 


6.269 mg. substance: 5.722 mg. BaSQO, (micro-Parr bomb) 
Ci2H.O.8. Calculated, S 12.61; found, S 12.54 


Preparation of S-Benzylhomocysteine—127 gm. of benzylthiol- 
ethylmalonic acid were dissolved in 1 liter of absolute ether. 1 ce. 
of dry bromine was added with stirring to the solution cooled in 
an ice bath. As soon as this bromine had reacted, 25 ce. of bro- 
mine were introduced during 15 minutes. The reaction mix- 
ture was immediately poured into 1300 cc. of cold concentrated 
NH,OH with shaking. A heavy precipitate separated which, 
with occasional shaking, went into solution in about 24 hours. 
The mixture was then allowed to stand another 24 hours and the 
excess NH; removed zn vacuo. 200 cc. of concentrated HCl were 
added, and the mixture heated in a boiling water bath for 1 hour. 
After the mixture had cooled slightly, it was neutralized with 
concentrated NH,OH until the reaction was acid to litmus but 
-alkaline to Congo red. The mixture was then cooled in an ice 
bath and filtered. The precipitate was washed thoroughly with 
water and then with 95 per cent alcohol until the filtrate did not 
yield a turbidity with water. The dry product amounted to 60 
to 70 gm. and was identical with that previously prepared in 
this laboratory (1). 

Preparation of Homocystine from S-Benzylhomocysteine (Liquid 
Ammonia Process)-—To 300 ec. of liquid NH; in a three-necked 
flask equipped with a mercury seal mechanical stirrer, 40 gm. of 
powdered S-benzylhomocysteine were added. The cooling bath 
consisted of a mixture of trichloroethylene and solid COs. We 


W. I. Patterson and V. du Vigneaud 397 


have found this mixture more economical for repeated use, since 
it has a higher boiling point than ether and it also has the advan- 
tage of being non-inflammable. Sodium was introduced into the 
flask in small portions until the blue color persisted for several 
minutes at the boiling point of the liquid NH;. After the NH; 
had evaporated, the residue was treated with 200 cc. of water, 
and the two layers separated. HCl was added to the ice-cold 
aqueous layer with vigorous stirring until the reaction was acid 
to phenolphthalein but alkaline to litmus. Filtration left a resi- 
due of 2 gm. of unchanged S-benzylhomocysteine. The filtrate 
was oxidized with a current of air in the presence of a little FeCl; 
as catalyst. When the test for the sulfhydryl group with nitro- 
prusside became negative, the mixture was neutralized to litmus 
and the homocystine which precipitated was filtered. The crude 
homocystine was then dissolved in dilute NaOH at room temper- 
ature and filtered through a thin layer of norit. Reprecipitation 
with HCl yielded a product which, after being dried at 100° in 
vacuo, weighed 17 gm. ‘This amount corresponds to 75 per cent of 
the theoretical yield, based on the S-benzylhomocysteine actually 
used up in the reaction. 

Preparation of Homocystine from S-Benzylhomocysteine (Alcohol 
Process)—56 gm. of S-benzylhomocysteine were suspended in 
1100 ee. of hot butyl] aleohol. 56 gm. of sodium were added to 
the boiling suspension in small portions. The mixture was re- 
fluxed until the sodium had all dissolved, which took about 2 
hours. The solution was cooled to room temperature and was 
extracted with three 200 cc. portions of water. The homocystine 
was obtained from the aqueous extracts as described above. 
Concentration of the butyl alcohol layer to dryness in vacuo left 
a residue of about 5 gm. of S-benzylhomocysteine. 24 gm. of 
homocystine were obtained, which is 78 per cent of the theoretical 
amount based on the S-benzylhomocysteine actually used up in 
the reaction. This homocystine was identical with that obtained 
by the liquid ammonia process. 


SUMMARY 


The synthesis of homocystine has been accomplished, thus 
confirming the structure originally assigned to the compound. — 
This synthesis offers a method of preparing homocystine, which 
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is far more convenient than that hitherto available. Previously 
it has been necessary to prepare methionine and then convert the 
latter to homocystine by the sulfuric acid process. 

In the above synthesis S-benzylhomocysteine has been ob- 
tained as an intermediate product. The direct synthesis of this 
derivative of homocystine simplifies greatly the obtaining of the 
optically active isomers of homocystine, since this is the derivative 
which has been previously prepared from homocystine and _ uti- 
lized for resolution purposes. The synthesis of this derivative 
also makes available a key substance for the preparation of 
S-ethylhomocysteine, homocysteine, the lactone of homocyst- 
eine, ete. 

A new method of cleaving the benzyl group from benzylthio 
ethers by sodium in alcohol has been presented. 
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THE ABSORPTION OF CARBON MONOXIDE WITH 
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The wide application of fresh and reduced blood in determining 
small amounts of carbon monoxide has suggested the possibility 
of using certain hematin derivatives as analytical absorbents for 
carbon monoxide. During the course of such an investigation 
findings were made which may be of value in the field of blood 
pigments. 


HISTORICAL 


The kinetics of the reactions of hemoglobin with oxygen and carbon 
monoxide have been studied by Roughton (1), Hartridge and Roughton 
(2), and Millikan (3). 

Milroy (4), Hoppe-Seyler (5), Hiifner (6), Roche (7), and Pregl (8) found 
that reduced hematin and alkaline hemochromogen united with practically 
the theoretical amount of carbon monoxide. 1 gm. of Fe = 399.8 ce. of 
CO (0°, 760 mm.) 

Milroy found that the absorption of carbon monoxide with reduced acid 
hematin was slow and suggested the use of alkaline hematin for faster ab- 
sorption. Anson and Mirsky (9) defined a hemochromogen and stated that 
nicotine and pyridine were the only two nitrogen compounds of the many 
they tried that compared with globin in affinity for hematin. They re- 
ported that the affinity of pyridine hemochromogen for oxygen and carbon 
monoxide was increased by the addition of alkali and that bubbling carbon 
monoxide through neutral pyridine hemochromogen produced no change in 
the spectrum of pyridine hemochromogen. They raised the question as to 
whether or not all hemochromogens have the same affinity for carbon 
monoxide, independent of the nature of the nitrogen group combined with 
the hematin. They determined the dissociation curve for carbon monoxide 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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globin hemochromogen and found! (He K CO)/HeCO = 0.031 mm. at 
37.5°. 

Anson and Mirsky (10) found that the amount of ammonia necessary to 
form the ammonia hemochromogen was very large in comparison to the 
amount of pyridine necessary. However, globin seemed to have a much 
greater affinity for hematin than either ammonia or pyridine. They 
reported that pyridine hemochromogen remains reduced even when exposed 
to oxygen, but, when made acid, it combines with oxygen, which can be 
easily removed by a vacuum. The influence of pH on the affinity of pyri- 
dine hemochromogen for oxygen was found to be just the opposite from that 
of hemoglobin. Keilin (11) found that carbon monoxide had the same 
effect upon the spectrum of pyridine hemochromogen as it did upon that of 
hemoglobin. 

Hill (12) proved in accordance with von Zeynek (13) that pyridine hemo- 
chromogen contains 2 moles of pyridine, iron in this compound having a 
covalency of 6. 

pyridine 
HpH=F K 

pyridine 


He showed that 1 mole of carbon monoxide combines with reduced 


hematin to form 
O 
HpH=F 
X 


in which X is water or another molecule of the complex. In the presence 
of carbon monoxide and reduced hemochromogen, the carbon monoxide 
pyridine hemochromogen was obtained. 


CO 
pyridine 


Upon the addition of an excess of pyridine to this compound the spectrum 
changed from that of carbon monoxide pyridine hemochromogen to that of 
pyridine hemochromogen. In a neutral solution containing an excess of 
pyridine no reaction with carbon monoxide could be detected. In alkaline 
solution combination with carbon monoxide was readily observed. In a 
later paper Hill (14) showed that the affinity of pyridine for reduced hema- 
tin was very strong, and that when molecular proportions of pyridine and 
reduced hematin were combined, practically no free hematin was present. 
The dissociation constant for pyridine hemochromogen to pyridine and free 
hematin was found to be Kis: = 8.9 & 10~°. 


1When components of equilibrium are expressed in moles per liter, 
= 1.63 10°. 
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In the majority of the studies reported in the literature on the 
formation of CO complexes spectroscopic methods have been 
used for measuring the affinity of CO for the hematin compound. 
In this paper we wish to present results obtained when the CO 
absorption was measured manometrically. 


EXPERIMENTAL 


Preparation of Hematin—Hematin was prepared from beef 
blood by the following method. 

2 liters of glacial acetic acid plus 100 cc. of distilled water con- 
taining 0.25 gm. of NaCl were heated to 90°. With constant 
stirring, 800 cc. of fresh beef blood were poured slowly into the 
mixture. The contents of the flask were heated to 90° and al- 
lowed to stand overnight so that the hemin might settle out. 
The supernatant solution was then siphoned off, and the hemin 
washed by decantation with glacial acetic acid, water, concen- 
trated HCl, and finally water. The hemin was allowed to settle 
out overnight in each case. The hemin was dried in a vacuum 
desiccator for 24 hours, and then for a few hours in an oven at 
100°. The resulting product gave 8.12 per cent Fe against a 
theoretical value of 8.59 per cent Fe. 

Preparation of Carbon Monoxide—Carbon monoxide was pre- 
pared by dropping a solution of sodium formate slowly into con- 
centrated sulfuric acid. The evolved gas was washed with alka- 
line pyrogallol to remove any traces of oxygen or carbon dioxide. 
The purified carbon monoxide was stored in a large bottle over 
water. 


Measurement of Rate of Absorption 


Apparatus—An absorption chamber was made from a 50 cc. 
Erlenmeyer flask by sealing a side arm and a bulb of about 8 ce. 
capacity on the side of the flask. The bulb was suspended in 
such a manner that when filled with 5 cc. of liquid and shaken 
moderately, none of the liquid would spill into the main chamber. 
This was connected by means of a T-tube, having a 2-way stop- 
cock to a water-jacketed microburette on one side and a capillary 
manometer on the other. The connections were made with capil- 
lary glass tubing and vacuum, vaseline-treated, § inch suction 
tubing. Just enough rubber tubing was used in the connections 
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to allow flexibility, so that the absorption chamber could be 
shaken. The absorption chamber was immersed in a thermostat 
at 25° + 0.05° and shaken at the rate of 124 4 inch strokes per 
minute. 


50] |-1-MANOMETER 
40 TO SHAKER 
__ LEVELING 
30 TUBE 
— BURETTE 
10 

THERMOSTAT— 


ABSORPTION 
/ FLASK 


TO PUMP 


Fic. 1. Apparatus for measurement of rate of absorption. ’5 inch = 
1 inch. 


The manometer consisted of a large U-form capillary tube which 
was filled with a mixture of kerosene and Sudan ITI. 

The microburette could be read to 0.01 ce. directly and + 0.002 
ee. could be approximated. A 2-way stop-cock led to the reac- 
tion chamber and the carbon monoxide reservoir. A water level- 
ing tube was connected to the bottom of the burette. A diagram 
of the complete apparatus is shown in Fig. 1. 
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Procedure 


Hematin Solution—1.03 gm. of hematin (8.12 per cent Fe) 
were dissolved in 5 ec. of 1 N NaOH and diluted with water to 
exactly 50 ce. This made a 0.033 m solution with reference to 
the iron. 

Pyridine Solution—2.5 gm. of pure pyridine (b.p. 114.5°) and 
100 ec. of 1 N NaOH were diluted to 1 liter. This made a 0.033 
M solution of pyridine in 0.1 N NaOH. Similar solutions 8, 16, 
and 32 times as strong with reference to the pyridine were also 
prepared. 

Reducing Agent—0.5 gm. of NasSeO, in 5 ec. of 0.1 N NaOH was 
freshly prepared for each run. 

The rate of absorption of carbon monoxide by alkaline reduced 
hematin and hemochromogen was determined as follows: Defi- 
nite volumes of alkaline hematin or alkaline hematin plus a nitro- 
gen compound were pipetted into the main chamber of the absorp- 
tion flask. A definite volume of reducing agent was placed in 
the bulb of the side arm. The flask was connected through the 
T-tube to the burette, and to assure removal of all the air, the 
flask was evacuated several times and filled with carbon monoxide. 
After equilibrium the manometer was leveled and a_ reading 
taken from the burette. The reducing agent was mixed with the 
contents of the flask by tipping, after which the absorption of 
carbon monoxide immediately took place. Manometer readings 
were taken at definite time intervals, thus showing the rate of 
absorption of carbon monoxide. At the end of the run the burette 
was read and checked against the manometer reading. The 
manometer was calibrated at the end of each determination by 
adding known amounts of carbon monoxide to the flask from the 
microburette and noting the difference in the manometer columns. 

Curves 1, 2, and 3 of Fig. 2 show the rate and amount of carbon 
monoxide absorption by various concentrations of alkaline re- 
duced hematin. In Curve 1, 1 ec. of alkaline hematin solution, 
3 ec. of 0.1 N NaOH, and 1 cc. of reducing agent were used. In 
Curve 2, 2 cc. of alkaline hematin solution and 3 cc. of reducing 
agent were used. In Curve 3, 5 ce. of alkaline hematin solution 
and 3 ec. of reducing agent were used. From the total absorption 
of carbon monoxide in Curve 3 after 133 hours, the CO-Fe value 
of alkaline reduced hematin was calculated and found to be 417.5 
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cc. of carbon monoxide (0° and 760 mm.) as compared with a 
theoretical value of 399.8 cc. This is considered a reasonable 
agreement, since the error in this calculation was multiplied 123 
times. The increased rate and amount of carbon monoxide ab- 
sorption, as shown by the curves of Fig. 2, are due to a greater 
amount of absorbent at the gas-liquid interface from an increased 
concentration of alkaline reduced hematin. The slow attain- 
ment of full saturation by alkaline and acid reduced hematin is 
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Fic. 2. Carbon monoxide absorption by alkaline reduced hematin. 
Curve 1, 1 ce. of alkaline hematin solution, 3 ec. of 0.1 N NaOH, 1 cc. of 
reducing agent; Curve 2, 2 cc. of alkaline hematin solution, 3 cc. of reducing 
agent; Curve 3, 5 cc. of alkaline hematin solution, 3 cc. of reducing agent. 


similar to the slow absorption by acid reduced hematin, as ob- 
served by Milroy. 

The curves of Fig. 3 show the comparative rates of carbon 
monoxide absorption by acid and alkaline reduced hematin and 
pyridine hemochromogen. Curve 1 shows the rate of carbon 
monoxide absorption by reduced hematin at pH 3.14 by the glass 
electrode, 3 cc. of alkaline hematin, 3 ec. of 2 N lactic acid, and 
2 ce. of reducing agent being used. Curve 2 shows the rate of 
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absorption of carbon monoxide with reduced hematin when in 
alkaline solution, 3 cc. of alkaline hematin, 3 cc. of 0.1 N NaOH, 
and 2 ec. of reducing agent being used. Curve 3 shows the rate 
of absorption of carbon monoxide by reduced pyridine hemo- 
chromogen in alkaline solution, 3 cc. of alkaline hematin, 3 cc. of 
(0.033 Mm pyridine solution in 0.1 N NaOH, and 2 ce. of reducing 
agent being used. ‘This curve also represents the rate of absorp- 
tion by pyridine hemochromogen when 8, 16, and 32 moles of 
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Fig. 3. Carbon monoxide absorption by acid and alkaline reduced 
hematin and pyridine hemochromogen. Curve 1, 3 ec. of alkaline hematin, 
3 cc. of 2. N Jactie acid, 2 ec. of reducing agent; Curve 2, 3 cc. of alkaline 
hematin, 3 ec. of 0.1 N NaOH, 2 ec. of reducing agent; Curve 3, 3 cc. of 
alkaline hematin, 3 cc. of 0.033 M pyridine solution in 0.1 N NaOH, 2 ec. of 
reducing agent. 


pyridine were present to 1 mole of hematin and when the absorp- 
tion was tried at pH 3.14, since in each case a duplicate of Curve 3 
was obtained. <A further comparison of Fig. 3 shows that there 
is a greater rate of absorption of carbon monoxide by either acid 
or alkaline reduced pyridine hemochromogen than by alkaline 
reduced hematin. This may be caused by the greater dispersion 
of hematin owing to the formation of a pyridine compound, «as 
suggested by Kcilin, or by the specificity of the nitrogen com- 
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pound to which the hematin is attached. The fact that Hill 
showed that pyridine and reduced hematin combine in practically 
stoichiometric amounts to form pyridine hemochromogen with 
no reduced pyridine remaining, theoretically suggests the mono- 
pyridine hemochromogen as the most favorable for absorption 
of carbon monoxide, since there is no excess of pyridine to com- 
pete with carbon monoxide for the remaining covalency. How- 
ever, a 31 mole excess of pyridine showed no marked difference in 
the rate of carbon monoxide absorption. Curves 1 and 2 of 
Fig. 2 show that alkaline reduced hematin absorbs carbon monox- 
ide faster than acid reduced hematin. 

The ability of an excess of pyridine to expel carbon monoxide 
from carbon monoxide pyridine hemochromogen was determined 
as follows: After the absorption of carbon monoxide by 3 cc. of 


TABLE I 
Ability of an Excess of Pyridine to Expel CO from CO-Pyridine 
Hemochromogen 
CO 25°, | OO min. | 45 min. shakin 
ce. Cc. cc. ce. 
1.882 2.022 
2.003 1.811 0.943 
2.003 1.811 0.930 


alkaline hematin, 3 cc. of pyridine solution (0.033 mM pyridine), 
and 2 ce. of reducing agent the solution was analyzed for carbon 
monoxide by the method of Van Slyke and Robscheit-Robbins 
(15). A similar sample was treated as follows: A 2.5 cc. aliquot 
was shaken in a Torricellian vacuum in the dark for 15 minutes 
and then analyzed for carbon monoxide. Two other 2.5 cc. 
aliquots plus 1 cc. of pyridine were treated similarly. The re- 
sults are shown in Table I. 
The equilibrium constant for the system 


HpH=Fe—pyridine X CO 


CO 
HpH= Fe“ 


\ 


“pyridine 
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was determined as follows: Equal amounts of 0.033 mM alkaline 
hematin solution and 0.033 M pyridine solution in 0.1 N NaOH 
were placed in a tonometer of 730 ec. capacity, which was fitted 
with a rubber stopper containing a 4 inch portion of a burette and 
T-tube with a 3-way stop-cock. The system was filled with ni- 
trogen by evacuating several times and emitting tank nitrogen 
under a slight pressure. After the tonometer was allowed to 
come to constant temperature in a water bath at 25°, the stop- 
cock was opened and the nitrogen allowed to come to atmospheric 


TABLE II 


Determination of Equilibrium of Reduced Pyridine Hemochromogen with 


CO in N at 25° 


~ mets | CO absorbel K 95° 
moles X 10°5 ce. ce. per cent x 10° 

1 9.513 0.399 0.211 | 52.8 10.7 

2 9.513 0.669 0.338 50.5 11.1 

3 9.513 1.222 0.627 51.3 9.1 

4 9.513 1.726 0.798 46.3 10.1 

5 9.513 2.059 0.878 42.6 11.0 

6 9.513 2.176 0.870 40.0 12.4 

7 9.513 2.903 0.949 32.7 16.0 

8 9.513 3.895 1.351 34.7 10.4 

8) 9.513 3.901 1.193 30.6 14.6 

10 9.513 4.692 1.348 28.7 13.7 

11 15.855 4.926 2.125 43.1 13.1 
12 12.686 4 304 1.478 34.3 17.6 

13 6.342 1.988 0.626 31.5 11.4 


pressure. One end of the T-tube was then connected to the 
water-jacketed microburette, and the capillary tubing and the 
bore of the stop-cock were filled with carbon monoxide. ‘The 
pressure of the nitrogen in the tonometer was diminished by 
holding a cloth saturated with cold water on the side of the tonom- 
eter, and a known amount of carbon monoxide was introduced. 
By means of the short burette a known amount of reducing solu- 
tion was admitted. The tonometer, which was painted black to 
eliminate any possible interference by light, was rotated in a 
water bath 6 to 8 hours. The solution was then rinsed from the 
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tonometer and diluted to a known volume with water. The 
amount of carbon monoxide absorbed was determined by the 
method of Van Slyke and Robscheit-Robbins. The carbon mon- 
oxide and hemochromogen present in the system were both varied 
and values for K calculated, as shown in Table IT. 


DISCUSSION 


The fact that similar rates of absorption by both acid and 
alkaline pyridine hemochromogen were found seems to indicate 
that a corresponding rate of absorption would be observed in a 
neutral solution containing no excess of pyridine. ‘This is con- 
trary to the findings of Milroy who reported no combination 
with carbon monoxide in a neutral solution. Hill reported that 
in a neutral solution with an excess of pyridine no reaction with 
carbon monoxide was noted. The values Aig: = 8.9 & 10-6 for 
pyridine hemochromogen dissociation as found by Hill and Ay. = 
1.24 X 10-4 for carbon monoxide pyridine hemochromogen dis- 
sociation to carbon monoxide and monopyridine hemochromogen 
would verify Hill’s observation, since pyridine and carbon mon- 
oxide are competing for the same covalency. The observations 
recorded in Table I, although made in alkaline solution, also con- 
firm this point. Anson and Mirsky reported the value K37.5° = 
1.63 & 10-* for the carbon monoxide dissociation curve for globin 
hemochromogen, as recalculated from their curve in order to 
express the components of the equilibrium in moles per liter. 
If all the dissociation constants could be expressed at one tem- 
perature, any differences that might be caused by the specificity 
of the prosthetic group attached to the hematin could readily be 
detected. 

The possibility of using reduced pyridine hemochromogen in 
place of blood in many of the present blood carbon monoxide 
methods is possible provided enough NaeSe.O, is present to pre- 
vent interference from oxygen and a convenient method of meas- 
uring the carbon monoxide pyridine hemochromogen is used. 
A Van Slyke manometric blood apparatus or a Warburg respirom- 
eter offers great possibilities for the use of the absorbent in 
determining carbon monoxide either directly or indirectly. When 
small amounts are to be determined, the carbon monoxide can 
be absorbed from a relatively large amount of gas and then lib- 
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erated from the carbon monoxide pyridine hemochromogen 
formed by the addition of KiFe(CN)s. 


SUMMARY 


1. The relative rates of absorption of carbon monoxide at 25° 
by acid and alkaline reduced hematin and pyridine hemochro- 
mogen have been determined. 

2. It has been shown that an excess of pyridine expels carbon 
monoxide from carbon monoxide pyridine hemochromogen. 

3. The dissociation constant for carbon monoxide pyridine 
hemochromogen to carbon monoxide and monopyridine hemo- 
chromogen in a solution containing no excess of pyridine was 
determined and found to be 1.24 X 10-+. 
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A new method for the measurement of amylase activity is 
presented briefly here. It has been developed to meet the need 
for a more direct measure of the amyloclastic activity of amy- 
lases than has hitherto been possible. This need has long been 
evident (1) and has been emphasized by recent work with the 
amylases of barley malt (2). 

The method to be described is based upon the direct determi- 
nation of residual starch or amylose at any stage in its hydrolysis 
and depends upon its quantitative precipitation, free from dex- 
trins and maltose, by ethyl alcohol. The difference between the 
weight of original amylose and the weight of residual amylose 
gives a measure of the amyloclastic activity of the enzyme analo- 
gous to the measurements of its saccharogenic activity which are 
based upon determination of reducing sugar formed (3-5). 

The new method is practicable, accurate, and adapted for use 
with different amylases. It offers a more direct measure of 
amyloclastic activity than is afforded by viscosity measurements 
(6, 7) and makes possible the study of earlier stages in the hy- 
drolysis of amyloses than methods like that of Wohlgemuth (8, 
9) which inherently depend upon the complete disappearance 
from the hydrolysis mixtures of products which give a blue color 
with iodine. It does not necessarily supplant these methods, 
however, as there are indications that they also yield information 
concerning amylase action which would not otherwise be avail- 
able. It is, in fact, becoming increasingly evident that studies 
of the nature of amylases and their action should include quan- 
titative comparisons of different kinds of activity measurements. 
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This point has also been stressed recently by Northrop and 
Kunitz (10) in work with proteases. 


KXPERIMENTAL 


Procedure—The general procedure developed for the deter- 
mination of starch or amylose, either alone or in the presence of 
dextrins and maltose or maltose alone, may be briefly described 
as follows: 

To the sample of starch or amylose dispersion, sufficient alcohol 
is added to give the desired final concentration! (55 per cent), 
and the mixture is stirred vigorously by hand. In most cases, 
stirring for 30 seconds to 1 minute brings about the appearance of 
a white flocculent precipitate. ‘This is allowed to settle and the 
supernatant liquid is decanted through a Gooch crucible contain- 
ing a thin mat of asbestos? and half filled with fluffy asbestos (11), 
which with the crucible has previously been heated to constant 
weight in a muffle furnace. As much as possible of the precipitate 
is retained in the beaker and is washed by decantation, twice 
with 55 per cent and twice with 70 per cent alcohol, with vigorous 
stirring after each addition of alcohol. The washed precipitate 
is finally transferred quantitatively to the crucible with a jet of 
96 per cent alcohol and washed with a mixture of equal volumes 
of 96 per cent alcohol and ether. The crucible is then dried to 
constant weight in an oven at 105°, cooled in a desiccator over 
sulfuric acid, and weighed in a closed vessel, with care to expose 
the crucible to the air as little as possible. The difference in 
weight is taken as amylose. After ignition in a muffle furnace at 
a low red heat for 3 hours, the crucible is again cooled and weighed 
and may be used for another determination without further 
treatment. 

Accuracy—The accuracy of the above method was established 
by a series of experiments in which the starch was determined, 
after precipitation, both by direct weight and by acid hydrolysis. 
In the latter case, after the addition of the calculated volume of 
alcohol, the mixture was centrifuged, the supernatant liquid 
decanted off, the residue ground under 96 per cent alcohol, again 
centrifuged and decanted, and the starch remaining determined 
by acid hydrolysis according to the method of the Official Agricul- 


' Concentrations of alcohol refer in all cases to per cent by volume. 
? The asbestos was alkali- and acid-washed. — 
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tural Chemists (12). The data, which are omitted for the sake 
of brevity, show that the differences in the values obtained for 
starch by filtration and weighing and by centrifuging and acid 
hydrolysis were no greater than differences found in duplicate 
determinations by either method alone. The direct weighing 
procedure may, therefore, be used for quantitative measurements 
in place of the more time-consuming method of analysis by acid 
hydrolysis. 

Factors and Conditions Studied—In order to determine whether 
the proposed method was generally applicable, studies were carried 
out with different concentrations and different samples of soluble 
potato starch (13) and with corn B-amylose (14). These were 
made up and adjusted to the conditions of hydrogen ion activity 
and electrolyte concentration which favor the action of different 
amylases including those of barley malt (15, 2), of Aspergillus 
oryze (16, 17), and pancreatic amylase (18). 

The desired weight of starch or amylose was stirred with a small 
amount of cold water, poured into water at 100°, boiled exactly 
3 minutes, and cooled rapidly. Sufficient salt solutions were 
added to give the desired final concentration and hydrogen ion 
activity and the mixture made up to volume. Dispersions pre- 
pared for experiments with pancreatic amylase (or representing 
conditions for its action) were adjusted to pH 7.0 and contained 
0.01 m phosphate and 0.025 mM sodium chloride (18). Similarly, 
those for the amylases of barley malt and of Aspergillus oryzx 
were adjusted to pH 4.5 and 5.5 respectively, and contained 0.01 
M acetate 

The precipitation of the amyloses (starch) was studied, With 
the amyloses alone, with mixtures of the amyloses and known 
concentrations of dextrins and maltose, and, finally, with reaction 
mixtures at various stages of the hydrolytic action of the different 
amylases. 

Concentration of Alcohol—In order to find the minimum con- 
centration of alcohol which would give a quantitative precipi- 
tation of starch or amylose under any given conditions, different 
volumes of alcohol were added to equal aliquot volumes of starch 
or amylose dispersion and the precipitated amyloses (starch) 
determined by direct weight, according to the method described 
above. 

Aleohol concentrations were established by adding the same 
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volumes of 96 per cent alcohol at the same temperature to volumes 
of distilled water equal to those of the amylose dispersions used 
and taking the specific gravities of the aleohol-water mixtures 
by means of a hydrometer. 

Temperature—A series of comparable experiments carried out 
at 21°, 26°, and 31° with the same starch dispersion showed that 
it is not necessary to include strict control of the temperature of 
precipitation as one of the conditions of the method. Quantita- 
tive precipitation of the amylose was obtained at each of these 
temperatures in the presence of 55 per cent alcohol. It is there- 
fore possible to obtain comparable and reproducible results, under 
otherwise constant conditions, at ordinary (21-31°) laboratory 
temperatures, provided, of course, the effect of temperature upon 
the actual concentration of alcohol is taken into account. 


Results 


Influence of Concentration of Alcohol upon Extent of Precipi- 
tation of Amylose or Starch—The influence of the concentration 
of alcohol upon the extent of precipitation of amylose or starch 
is best described by the data summarized in Figs. 1 and 2. These 
show that 55 per cent alcohol is sufficient to bring about the com- 
plete precipitation of soluble potato starch and also of corn 
B-amylose when the starch or amylose dispersions are adjusted to 
several different hydrogen ion activities (pH 7.0, 4.5, and 5.5) and 
contain different concentrations of electrolytes (0.01 m phosphate 
and 0.025 m sodium chloride or 0.01 M acetate) selected to corre- 
spond to the conditions which favor the action of the different 
amylases (15-18). 

The data summarized in Fig. 2 show further that 55 per cent 
alcohol is sufficient to bring about the complete precipitation of 
potato B-amylose (19) from dispersions which contain it in differ- 
ent concentrations, 1, 2, and 4 per cent. 

Moreover, 55 per cent alcohol was found to give quantitative 
precipitation of the starch when three samples of soluble potato 
starch which had been purified in this Laboratory by different 
workers over a period of 15 years were similarly treated. 

Separation of Amyloses from Known Mixtures with Dextrins and 
Maltose—Amyloses may also be quantitatively recovered from 
their mixtures with dextrins and maltose by adjusting the alcohol 
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concentration to 55 per cent as described above. ‘This was shown 
by a study of the weight and properties of the material thus 
precipitated from such mixtures. An example is discussed briefly 
here. 

2 per cent soluble potato starch brought to the conditions which 
favor the action of pancreatic amylase (18) was combined in 
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Fic. 1. Precipitation of soluble potato starch and of corn B-amylose by 
alcohol. Curve A, soluble potato starch and conditions which favor the 
activity of pancreatic amylase (18); Curve B, soluble potato starch and 
conditions which favor the activities of the amylases of malt (2, 15); Curve 
(, soluble potato starch and conditions which favor the activity of the 
amylase of Aspergillus oryze (16, 17); Curve D, A, corn 8-amylose and 
conditions which favor the activity of pancreatic amylase; Curve D, @, 
conditions which favor the activities of the amylases of barley malt. 


known proportions with a mixture’ of dextrins and maltose and 
adjusted to 55 per cent alcohol. 


3 The mixture of dextrins and maltose was obtained by the hydrolysis of 
starch by pancreatic amylase. When the point was reached at which the 
reaction mixture gave a clear red and no blue color with iodine, the action 
of the amylase was stopped by placing the reaction flask in a large volume of 
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The weights of precipitated material recorded in Table I show 
satisfactory recovery of the starch and indicate that it was not 
appreciably contaminated by dextrins or maltose. If these had 
been precipitated with, or adsorbed by, the starch to any sig- 
nificant extent, one would expect a progressive increase in the 
weights of the precipitates with increasing proportions of dextrins 
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Fia. 2. Influence of concentration of starch upon its precipitation by 
alcohol. The conditions were those which favor the activities of the amy- 
lases of barley malt (2,15). Temperature, 25°. Curve A, 1 per cent soluble 
potato starch; Curve B, 2 per cent soluble potato starch; Curve C, 4 per 
cent soluble potato starch. 


and maltose. No such increases were observed, however, even 
when the combined weights of dextrins and maltose in the mix- 


rapidly boiling water, where it was held with vigorous shaking for 5 min- 
utes. The reducing action of the solution was determined by a gravimetric 
Fehling’s method (4) and calculated as maltose. The difference between 
the maltose and the total solids of the solution was taken as ‘‘dextrins.”’ 
It is significant to note that this hydrolysis mixture alone gave no precipi- 
tate with 55 per cent alcohol. 
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ture amounted to more than 5 times the weight of the starch. 
On the other hand, when the concentration of alcohol was raised 
above 55 per cent, such progressive increases were readily dem- 
onstrated. They were markedly noticeable in the presence of 
59 per cent alcohol. 


TABLE I 
Precipitation of Soluble Potato Starch, in Presence of Dexrtrins and Malltose, 
from 55 Per Cent Alcohol 
2 per cent starch; pH 7.0 to 7.1; 25°; 0.025 m sodium chloride; 0.01 m 
phosphate. 


Original mixture 
Starch recovered 
Starch “*Dextrins’’* Maltose 
mg. mg. mg. mg. per cent 
100 10.9 9.9 98 .4 98 .4 
100 21.8 19.8 98 .2 98 .2 
100 32.7 29.7 100.3 100.3 
100 43.6 39.6 99.0 99.0 
100 54.5 49.5 99.0 99 0 
100 65.4 59.4 99.3 99.3 
100 108.9 99.4 99.6 99 .6 
100 163 .4 148.9 99.2 99.2 
100 217.8 198.8 99.8 99.8 
100 272.3 248 .3 99.7 99.7 
100 326.7 298 .2 100.2 100.2 
200 54.5 49.5 198 .6 99.3 
300 | 54.5 49.5 297.9 99.3 
500 | 54.5 49.5 495.4 99.1 


* As explained in the text, the ‘‘dextrins’’ were determined by difference 
between total solids and maltose in a hydrolysis mixture obtained from 
starch by the action of pancreatic amylase. The hydrolysis mixture alone 
gave no precipitate with 55 per cent alcohol. 


Further evidence that the material precipitated from known 
mixtures of amyloses, dextrins, and maltose in the presence of 
55 per cent alcohol was not appreciably contaminated with mal- 
tose or dextrins was provided by a study of its properties. Por- 
tions of such precipitates were tested for reducing action, both 
by a gravimetric Fehling’s method (4) and by iodometric titra- 
tions (5), for optical activity, and for alkali lability (20). The 
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latter is an exceedingly sensitive property of amyloses. As de- 
fined by Taylor and Salzmann (20), alkali lability is measured by 
the difference between the reducing value obtained before and 
after a specified treatment with hot aqueous alkali. In these 
studies, the alkali lability obtained after holding the material in 
0.10 n sodium hydroxide for 1 hour at 100° was 7.6 mg. of iodine 
per 100 mg. of original starch and also 7.6 mg. of iodine per 100 


TABLE II 


Comparison of Reducing Values of Original and of Residual Amyloses 
Obtained throughout Their Hydrolyses by Different Amylases* 


Reducing value of pptd. amylose, mg. Iz: per 100 mg.; hydrolysis by 
Time of hydrolysis Pancreatic amylase (a) Amylase! A> 
Weight of pptd. barley malt (6) 
amylose 
min. mg. 
5 171.7 0.80 
10 152.7 0.78 0.86 0.81 
15 134.2 0.78 
20 0.74 0.82 
25 93 .6 0.77 
30 0.76 0.79 
35 54.0 0.72 
40 0.74 0.79 
45 19.60 0.75 
50 0.73 0.81 
55 7.82 0.76 
65 4.13 0.77 
75 0.00 
Original amylose 0.83 0.77 0.78 


* Hydrolyses at 40° of 2 per cent soluble potato starch adjusted to: 
(a) 0.025 m sodium chloride, 0.01 m phosphate, pH 7.0 (18); (b) 0.01 m 
acetate, pH 4.5 (15); (c) 0.01 M acetate, pH 5.5 (16, 17). In the last case, 
adjusting the mixture to 0.025 m sodium chloride before the precipitation 
by alcohol made the precipitates easier to work with. 


mg. of precipitated material. Data for the reducing values and 
optical activities are omitted for the sake of brevity. In each 
case, however, the values obtained with the precipitated material 
agreed with those given by the original amylose or starch. 
Precipitation of Residual Amyloses at Different Stages tr Their 
Hydrolyses by Amylases—-A similar series of experiments, carried 
out with aliquot portions removed from hydrolysis mixtures at 
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frequent intervals throughout the course of the hydrolyses of 
soluble potato starch, by different amylases (15-18), shows that 
precipitation from 55 per cent alcohol according to the method 
outlined here may be used for the quantitative determination of 
residual amylose (starch) at any stage in its hydrolysis by amy- 
lases. 

Part of the evidence for this statement is summarized in Table 
II which shows that the reducing value of the precipitated ma- 
terial obtained throughout the course of the hydrolysis of soluble 
potato starch by different amylases agrees with that of the original 
unhydrolyzed starch and, therefore, gives no indication of con- 
tamination with dextrins or maltose even under conditions in 
which dextrins of relatively high molecular weights might be 
expected to be present in, and more readily precipitated from, 
the reaction mixtures. 

Moreover, extraction of the precipitated material for 1 hour 
with boiling 80 per cent alcohol (21) failed to give evidence of 
the presence of maltose or dextrins. The extracts, after the re- 
moval of the alcohol, showed no measurable reducing action and 
gave no weighable residues. This is convincing evidence, es- 
pecially in view of the fact that the process had previously been 
found to cause the quantitative extraction of dextrins and maltose 
from known mixtures with starch. 

The only difficulties in applying the method, as outlined, to the 
recovery of residual amyloses (starch) from hydrolysis mixtures 
containing the different amylases were encountered in those cases 
in which commercial taka-diastase was used as a source of the 
amylase of Aspergillus oryze. Under these conditions, the pre- 
cipitates tended to come down in a finely divided, gummy form 
which was difficult to wash and transfer to a crucible. Small 
additional amounts of electrolytes, introduced after the action of 
the amylase had been stopped but before treatment with alcohol, 
removed this difficulty. Thus, adjusting the mixture to 0.025 m 
sodium chloride just prior to the addition of the alcohol gave - 
satisfactory results. 


SUMMARY 


A new method has been developed for the measurement of 
amylase activity. It depends upon the determination of residual 
starch or amylose at any stage of its hydrolysis by amylases 
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through its quantitative precipitation by ethyl alcohol. The 
precipitates obtained under the specified conditions are not ap- 
preciably contaminated by dextrins or maltose. The method 
appears to offer a more direct measure of the early stages of the 
amyloclastic activity of amylases than is afforded by other meth- 
ods previously available. It is practicable, accurate, and adapted 
for use with different amylases. 
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The progress of analytical biochemistry in the past 30 years has 
been closely associated with the use of the colorimeter as a measur- 
ing instrument. Owing largely to its convenience of operation 
and to the variety of substances adaptable to colorimetric deter- 
mination, it has become a familiar accessory in the biochemical 
laboratory. 

From a mechanical point of view most modern colorimeters 
leave little to be desired. Aside from the physical factor in the 
successful operation of the visual colorimeter, however, there is a 
physiological one—the eye of the observer. The errors which 
limitations in the sensitivity of the eye or which psychological 
factors may introduce into this form of quantitative analysis are 
too well known to be discussed here. Various attempts have 
been made to eliminate the physiological sources of error in color- 
imetry, and in recent years attention has been directed toward the 
use of the photoelectric cell in this connection. 

It is not our purpose to discuss in detail the devices which have 
been proposed for photoelectric colorimetry. From a general 
point of view, however, they may be considered to be of either of 
two types. In the first type a single photoelectric cell is employed, 
the solution to be measured being interposed between the cell and 
the source of light. The light absorption of the solution is meas- 
ured directly by determining the current output of the photo- 


* A demonstration of this instrument was given at the meeting of the 
Federation of American Societies for Experimental Biology at Detroit, 
April 12, 1935. 
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electric cell under these conditions, and comparing the value so 
obtained with that given by the pure solvent or by a standard 
solution. Another method of using this arrangement is to com- 
pensate for the change in current output of the cell with different 
solutions by some variable device in the optical system, such as an 
adjustable diaphragm, or in the electrical system, such as a vari- 
able resistance; measurements will then be in terms of the change 
in the compensating mechanism. 

For an instrument of this type to give accurate readings, it is 
essential that the source of light be constant during the determina- 
tions. From a practical point of view this is a requirement which 
is satisfied with difficulty. Moreover, the error due to fluctuations 
in the light source becomes proportionately greater with dilute 
solutions. Thus the instrument becomes of less value where a 
discriminating unit more consistent than the eye is most needed. 

The recognition of these limitations led to the development of 
instruments which belong to the second of the two types postu- 
lated above. In these, two photoelectric cells activated by the 
same source of light are employed. The cells are balanced against 
each other through a device such as a galvanometer. Fluctuations 
in the source of light affect each cell equally, and thus cause no 
change in the indicating instrument. The solution to be measured 
is interposed between one cell and the source of light, and the 
extent to which the two cells are thrown out of balance with respect 
to each other is a measure of the light absorption of the solution. 
As in the previous type, measurement of the current change may 
be made directly, or some compensating mechanism, optical or 
electrical, may be employed to bring the system again to equilib- 
rium, and the light absorption of the solution will then be measured 
in terms of the variation in the compensating device. 

Such instruments are capable of a much higher degree of preci- 
sion than those of the first type. The use of a null point device 
of the sensitivity of a galvaaometer enables even small changes in 
light absorption to be readily measured. With the inerease in 
sensitivity of the indicating instrument, however, must come a 
corresponding increase in precision of the compensating mechanism 
(adjustable diaphragm or variable resistance). Once this condi- 
tion is complied with, such instruments have apparently proved 
quite satisfactory. 
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It is to be noted that all the instruments of the two cell type just 
described employ a fixed depth of layer of the solution under exam- 
ination. Measurements are thus fundamentally different from 
those of conventional colorimetry. The classical method of 
photometry is based on the principle of bringing two fields of light 
to ultimate equal intensity. This has ordinarily been accom- 
plished in colorimetry by varying the depth of layer of one solu- 
tion with respect to the other. Under these conditions concen- 
trations are inversely proportional to scale readings if Beer’s law 
is valid for the particular solution being studied. With a fixed 
depth of layer concentrations are logarithmically related to scale 
readings if the light transmission is being measured. 

In the instrument which we wish to describe, two photoelectric 
cells are used in order to attain maximum stability and sensitivity. 
Provision is made for the simultaneous comparison of standard 
and unknown against each other, and for independently varying 
the depth of layer of each solution.t. Thus the new instrument 
retains the flexibility and simplicity of calculation of the conven- 
tional visual colorimeter, while at the same time it provides for an 
objective physical equalization of the relative light transmission 
through two solutions. 

Construction—The essential features of the new instrument may 
be readily seen from the photograph (Fig. 1) and the semischematic 
diagram (Fig. 2), and will be understood from the following descrip- 
tion, in which minor details are omitted.? 

The source of light is a 50 candle power automobile headlamp 
bulb, mounted in such a way that the light may be suitably 
centered over a circular ground glass plate. The light from this 
evenly illuminated field is appropriately concentrated by the lens 
mounted in the top of the prism housing. Provision is made for 


' As will be shown later, this arrangement in contrast to that of other 
instruments does not require an accessory compensating mechanism such 
as an adjustable diaphragm or a variable resistance. 

2? This instrument was constructed for us by the Klett Manufacturing 
Company, Inc., 177 East 87th Street, New York, after an experience of 
many months with a self-assembled model had convinced us of its essential 
value. The manufacturer is now prepared to supply instruments similar 
to the one described. We are greatly indebted to Mr. Klett and to his 
assistants for their cooperation in improving the mechanical details of 
the instrument. 
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the interposition of light filters between the ground glass plate 
and the lens. The beam of light emerging from the lens is split 
by the prism into two parts, each of which passes down through a 
plunger and cup on one side and impinges on the surface of a photo- 
electric cell below. On each side of the prism housing is a small 
thumbscrew. These serve to adjust the position of the prism 
relative to the beam of light from the lens. The value of this 
adjustment will be shown later. 


Fic. 1. View of photoelectric photometer. The sleeve on the right has 
been detached from the cup rack, making visible the glass cover of the 
photoelectric cell on that side. 


Each cell is fitted with a glass cover and is mounted at the top 
of a hollow metal cylinder, which is firmly fastened to the base of 
the instrument. <A cylindrical metal sleeve, removably attached 
to the cup rack and moving up and down with it, encloses each 
cell and mounting, so that when the cups are in place the only 
light that can reach the cells must pass through the cups. The 
sleeves are detachable to facilitate cleaning of the glass covers of 
the cells. 
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The sides of the cups and plungers are of dark glass, a necessary 
precaution if the instrument is to be used outside of a dark room. 
The increased flexibility thus obtained more than compensates 


lia. 2. Semischematice diagram of photoelectric photometer. /, lamp 
housing; 2, lamp;3, ground glass plate; 4, shelf for filters; 5, lens; 6, adjust- 
ing screw for prism; 7, prism; 8, knob for adjusting cup; 9, plunger; 10, cup; 
11, lug on base of cup; 12, cylindrical metal sleeve; 13, cup rack; 14, fasten- 
ing of sleeve to cup rack; 15, glass cover of photoelectric cell; 16, photoelec- 
tric cell; 17, cylindrical cell mount; 18, electrical leads from cell; 19, base. 


for the drawbacks inherent in the use of opaque cups. On the 
base of each cup is a small metal lug which fits into a notch in the 
eup rack. This insures the return of the cup, after removal from 
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the rack, to exactly the same position relative to the plunger and 
photoelectric cell, a feature which was found essential for precise 
results. 

The leads from the photoelectric cells are connected to binding 
posts on the base of the instrument, from which the necessary 
connections are made. The photoelectric cells are of the “blocking 
layer” type and were obtained from the General Electric Company, 
to whom our special thanks are due for providing us with them 
many months ahead of the time they were publicly announced. 

The electrical connections of the photoelectric cells are shown 
in the wiring diagram (Fig. 3). It will be noted that the cells are 
continuously in the circuit and that the current from each cell 
opposes that from the other through the galvanometer. We have 


Fic. 3. Wiring diagram of photoelectric photometer. C, photoelectric 
cell; G, galvanometer; 7’, tap key. 


tried other arrangements, including the use of fixed resistances 
across the cells, but find the arrangement indicated the simplest 
and most satisfactory. 

The galvanometer is a Leeds and Northrup enclosed lamp and 
scale type, with a sensitivity of 0.025 microampere per mm. scale 
reading. A small magnifying glass is used to facilitate readings. 
Galvanometers of lesser sensitivity than that indicated should 
prove satisfactory with many colorimetric procedures, but with 
solutions of high light transmission precise results have been 
obtained only with an instrument of the specified sensitivity. 
The tap key is one with which both momentary and permanent 
contact may be obtained, a type which has been found most con- 
venient for routine work. 
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The lamp bulb is operated from a 110 volt line, A.c. or D.c., 
through a suitable resistance to cut the voltage down to about 6 
volts. The plug for the lamp current is on the base of the instru- 
ment, wires from it running through the small metal tube up the 
side of the instrument to the bulb socket at the top. With a 
voltage of about 6 volts across the lamp, the current through the 
photoelectric cell circuit is about 20 microamperes, a value which 
has been found to be the most satisfactory for all routine 
procedures. 

Operation——The instrument is operated in a manner similar to 
that employed with the conventional visual colorimeter. ‘The 
light is turned on, and portions of one of the solutions under 
examination are placed in each cup. Both cups are set exactly 
at the desired depth of layer and the galvanometer is switched 
into the circuit. If the instrument is optically and electrically 
symmetrical, the galvanometer will read zero, or in other words will 
show no deflection. It is highly improbable that such symmetry 
will exist, owing to individual variations in the adjustment and 
manufacture of the different parts. Compensation for these 
variations is made by shifting the position of the prism relative 
to the light source, through the use of the thumbscrews in the prism 
housing, until the galvanometer reads zero. 

The galvanometer is then switched out of the circuit, the con- 
tents of one cup replaced by the second solution, and the galva- 
nometer switched back into the circuit. The cup containing the 
second solution is adjusted until the galvanometer again shows no 
deflection from the zero point. From the scale readings of the two 
solutions their relative concentrations may be readily computed, 
since the relation between scale readings and concentrations is 
identical with that of visual colorimetry. 

The adjustment of the prism is a relatively coarse one and is 
usually approximately the same for solutions of different sub- 
stances. We have therefore found it more convenient to make a 
preliminary adjustment of the prism, with distilled water in both 
cups, until the galvanometer shows an approximate balance. 
xact adjustment for any particular standard solution is then 
made by placing the solution in both cups, setting one at a desired 
depth of layer, and varying the other until the galvanometer reads 
exactly zero. Under these conditions the two seales do not neces- 
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sarily read the same when the instrument is in balance, but this 
is not essential, since all readings are made in terms of the cup 
and scale on one side only, the purpose of the other side merely 
being the giving of a photometric reference field against which 
both the standard and the unknown are matched in terms of their 
relative depths of layer. Thus it is necessary to note the scale 
reading for the standard in one cup only, replace the standard in 
this cup with the unknown, and bring this solution to balance. A 
comparison of the scale readings of standard and unknown will 
then show their relative concentrations. 

It is superfluous to take readings on the cup that is used for 
adjusting purposes. The depth of layer should be approximately 
the same in both cups when the adjustment is made, so that errors 
of adjustment may be of the same order of magnitude as errors of 
reading. The solutions in the two cups need not be chemically 
identical, but they should have approximately the same light 
transmission, since the high degree of stability of the instrument is 
inherently associated with its essential bilateral symmetry. 

Jt is thus a valuable feature of the instrument that readings may 
be made against the pure substance itself in standard solution or 
against an artificial standard having any desired qualities of 
stability or convenience of preparation. 

Stability—After the instrument has been adjusted for a given 
standard solution, a series of unknown solutions may be read 
against the standard without readjustment for a period of time 
which is largely dependent on the particular procedure being 
employed. Any serious change in the readings of a solution as 
compared with a previous reading on the same solution has been 
invariably traced to variation in the composition of the solution, 
or to foreign material introduced into the path of light. 

Slight changes in the readings of a solution against itself over a 
period of time are due chiefly to a very slight gradual “drift” in 
the adjustment, which may be caused by differential temperature 
effects. These are imperceptible over short periods of time but 
noticeable when isolated readings are made at intervals against a 
permanent standard. 

Another factor «evhich may influence the accuracy of successive 
readings is the possibly imperfect return of the photoelectric cells 
to their original current output after having been exposed to the 
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irregularities of light intensity associated with the removal of the 
cup and the rinsing of the plunger. This has so far been found 
to be of practical importance only in connection with readings on 
bright yellow solutions, and its effect has been successfully mini- 
mized by the use of the proper filter. 

It is obvious that appropriate readjustment of the instrument 
will eliminate errors from either of these sources. We have found 
that these peculiarities, which thus far seem to be inherent in the 
photoelectric cells, in no way affect the practical application to 
colorimetric studies. With care in planning a procedure their 
effect can be entirely eliminated as far as having any influence 
on the accuracy of the results is concerned. They bring out the 
important point that the instrument is a dynamic and not a static 
one, and that checking its readings at expedient intervals is the 
only way to make certain that it is behaving properly. 


Results 


For the instrument to be of value, results obtained with it 
should not only be precise and reproducible but should also show 
the proportionality between concentration and scale readings that 
has been established for any particular substance, since such pro- 
portionality is a function of the substance itself and relatively 
independent of the instrument used to measure it. | 

Typical results obtained on a colored solution are given in Table 
I. Over forty readings are listed, and in no case do duplicate 
readings differ by more than 0.1 mm. _ It has been repeatedly con- 
firmed that for all colorimetric procedures so far investigated a 
precision of +0.1 mm. at a depth of layer of 20 mm. is the rule as 
far as duplicate readings on the same solution are concerned, 
regardless of the particular color developed. In a few of the more 
dificult colorimetric procedures, such as that involving the alka- 
line picrate reaction on blood filtrates, such precision is attainable 
only with increased care in reading the galvanometer, checking 
the adjustment of the instrument, and handling the solutions. 

The agreement of the actual readings with the theoretical ones 
as derived from Beer’s law necessarily involves the assumptions 
that the substance in question follows Beer’s law and that there is 
no factor associated with the readings other than the absorption of 
light by the solution. With regard to the first assumption it has 
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been shown by independent physical means* that solutions of 
chrome alum in the concentrations employed are entirely satis- 
factory in this respect. It is apparent, however, that many sub- 
stances which are thought to follow Beer’s law by relatively 
approximate measurements may show definite deviations when a 
more precise instrument is used. 

The validity of the second assumption implies that readings 
should be independent of the depth of layer of the pure solvent, 


TABLE I 


Typical Results Obtained with Photoelectric Photometer, Showing Precision 
and Accuracy of Instrument 


The figures represent actual values, and not averages. 


mm. mm. | mim. mm, 
10.0 | 10.0 | 5.0,5.0 5.0 
| 10.0,10.0 | 5.0,5.0 
15.0 15.0 | 7.5,7.5 | 7.5 
15.0,15.0 | 7.5,7.5 
15.1,15.1 | 
20.0 20.0 | 10.0,10.0 10.0 
20.0 ,20.0 10.0 
20.0 ,20.0 | 
30.0 30.0 15.0 
30.0,30.0 | 15.1,15.1 
30.0 ,30.0 
35.0 35.0 |  17.5,17.6 17.5 
35.0 ,34.9 | 17.5,17.6 | 
34.9,34.9 | | 
34.9 34.9 | 


Standard solution = 1.00 per cent aqueous chrome alum; unknown solu- 
tion = 2.00 per cent aqueous chrome alum. 


and may be investigated by placing distilled water in the cups and 
racking one cup down from 0 depth of layer. There is no change 
in light transmission of any practical importance up to a scale 
reading of 30 mm. Above this figure there is a progressively 
increasing loss of light, due presumably to interception of some of 
the light by the sides of the cup. The error due to this source is 
of such a value that in the case of very dilute solutions readings 


’ Data of Vierordt, K., cited in Kayser, H., Handbuch der Spektroskopie, 
Leipsic, 3, 21 (1905). 
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should not be made at a depth of layer greater than 30 mm. with- 
out previously ascertaining its influence on the proportionality of 
the readings. For those colorimetric procedures in which a 
moderate amount of color is developed the influence of this source 
of error is negligible up to a scale reading of 35 mm., as the results 
in Table I demonstrate. 

The particular value of the instrument in those procedures in 
which a very slight amount of color is produced by the substance 
under examination is evident from the results listed in Table IT. 
It will be noted that the concentrations dealt with are considerably 
lower than those ordinarily encountered. We have found it 
impossible to obtain results of the same accuracy in using the 
ordinary colorimeter, even under the most favorable conditions. 


TaBLeE II 
Determination of Creatinine in Pure Solution with Photoelectric Photometer 


To 10 cc. of creatinine solution of the indicated concentration were added 
5 cc. of alkaline picrate solution and the resultant color was matched 
against the proper standards. 


Creatinine present Creatinine found Error 
mg. per 100 cc. mq. per 100 ce. | mg. per 100 cc. 
0.013 0.014 +0 .001 
0.018 0.020 +0 .002 
0.028 0.027 —0.001 
0.033 0.035 +0 .002 
0.052 0.051 —0.001 
0.074 0.075 +0.001 
().082 0.084 | +() .002 
DISCUSSION 


There are certain features associated with the general operation 
of the instrument which will bear detailed discussion. The high 
degree of inherent precision will be attainable, only if a similar 
amount of care is applied to manipulation. Solutions should be at 
room temperature and all glass surfaces, particularly the bottoms 
of the cups and the glass covers of the photoelectric cells, must be 
kept clean. The presence of bubbles may lead to serious errors, 
which can be avoided if the usual precaution is taken of running 
the cup against the bottom of the plunger several times. 

Another fact that should be borne in mind is that the cells 
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respond to changes in light intensity whether such changes are 
associated with light absorption or the scattering of light by col- 
loidal or turbid solutions. If such light scattering is adventitious 
and its cause cannot be removed by centrifuging or filtering, it may 
seriously affect the readings; if it is a constant feature of the 
determination, readings will be reproducible, although they will 
not be due to color alone and a calibration curve may be necessary. 

The method of operation recommended above calls for the 
adjustment of the instrument such that the current output of the 
cells is the same. It has been found that adjustment obtained for 
solutions of one color is not necessarily the exact adjustment for 
solutions of any other color. We ascribe this partly to individual 
differences in the sensitivity of the two cells to light of different 
wave-lengths. Such differences may be the cause of other phe- 
nomena of dissymmetry* as well, but they have no effect whatso- 
ever on the use of the instrument as described, since all readings 
are made with one cell on solutions of qualitatively the same color. 

With regard to the use of color filters, it may be noted that in 
accordance with the theory of light absorption by solutions as 
applied to the particular arrangement of the variable layer color- 
imeter, a color filter has no effect on the proportionality of readings 
if the color is due to a single substance, or to several substances 
present in directly proportionate amounts. If interfering colors 
are present, a suitably chosen filter will tend to make the readings 
more closely approach the expected proportionality. 

Since measurements are strictly speaking photometric and not 
colorimetric, the instrument may be used for purposes heretofore 
not commonly adaptable to routine procedures. Preliminary 
measurements have indicated that turbidimetric methods may be 
employed, as well as certain colorimetric procedures which involve 
the presence of more than one color and have hitherto required 
the use of a bicolorimeter. 


‘For example, if a given solution is matched against itself at 20 mm. on 
each side, and then one cup set at 10 mm., the other will not necessarily 
balance it at 10.0, but may read 9.8 or 10.2. Thus it is not recommended 
that the setting of the standard be changed to accommodate for a wider 
range of concentration without previously ascertaining the influence of this 
factor. 
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SUMMARY 

A new type of photoelectric colorimeter is described. It is 
essentially a variable layer comparison photometer in which 
photoelectric cells are used to indicate equivalence of light trans- 
mission. 

It offers the advantages over other similar instruments of a 
combination of stability, sensitivity, and simplicity. The use of 
two photoelectric cells arranged to oppose each other and receiving 
light from a single source, passing essentially identical optical 
trains, avoids the errors of instability due to changes in the inten- 
sity of the light source. The high degree of stability thus obtained 
permits the use of a sensitive galvanometer as an indicating instru- 
ment. Operation and calculations are similar to those of conven- 
tional colorimetric procedures. 

Thus the instrument embodies all the advantages of the usual 
cup and plunger type of colorimeter together with the precision 
attainable through a sensitive and objective method of photometry 
by physical means. 
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THE DETERMINATION OF THIOL AND DISULFIDE 
COMPOUNDS, WITH SPECIAL REFERENCE TO 
CYSTEINE AND CYSTINE 


III. REACTION BETWEEN THIOL COMPOUNDS AND 
MERCURIC CHLORIDE* 


By KAMENOSUKE SHINOHARAT 
(From the Lankenau Hospital Research Institute, Philadelphia) 


(Received for publication, June 10, 1935) 


The reaction of cysteine and a mercuric salt was first investi- 
gated by Brenzinger (1), who denied the existence of the reaction 
represented by Equation 1 and proposed a two-step reaction 
which may be interpreted in the light of the present chemical 
knowledge as Equations 2 and 3. 


2HS-—CH»—-CH (NH2)—-COOH + HgCl. 
S—CH:—CH (NH2) 


= 2HCl + Hg (1) 
S—CH.---CH (NH:) 


HS-—CH.—-CH (NH.) + HgCl: 
= HCl + ClHg—S-——CH.-—CH -COOH (2) 


2CIH g —S—-CH:—CH(NH,Cl) —COOH + HgCh = 
ClHg—S—-CH.—CH (NH;Cl)-—COOH 
HeCl. (3) 


ClHg—S—CH.—CH (NH;Cl) 


* A part of this paper was presented before the meeting of the American 
Society of Biological Chemists at Detroit, April, 1935. 
+t Robert MeNeil Fellow of the Lankenau Hospital Research Institute. 
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Later, Neuberg and Mayer (2) carried out a similar experiment 
to prove more precisely the composition of the final product. 
Recently, Andrews and Wyman (3) gave it some consideration 
without, however, reaching a definite conclusion. 

Thus the formation of the mercaptide of the type indicated 
in Equation 1 has not so far been recognized in the case of cysteine, 
in spite of the fact that simpler mercaptans, like methyl and 
ethyl mercaptans, under different conditions produce the two 
types of mercaptides, namely R—S—Hg—S—R and R—S-—- 
HgCl. 

Irrespective of the location of attachment of the second mercury 
atom, a compound of the composition shown in Equation 3 would 
probably be formed under the conditions of strong acidity and 
excess HgCl, employed by the previous workers. However, 
while studying the effect of mercuric chloride upon the color 
production of cysteine and phospho-18-tungstic acid (4), it was 
found that 1 molecule of HgCl. reacts in the initial stage with 2 
molecules of cysteine at pH 5. Such a phenomenon could not 
be explained by the existing knowledge, shown in Equations 2 
and 3. 

Accordingly, the reaction was investigated from a somewhat 
different angle. In connection with cysteine, the reaction be- 
tween thioglycolic acid and mercuric chloride was also studied 
in order to have a general view. For thioglycolic acid two types 
of mercaptides as shown in Equations 4 and 5 have been known 
(5, 6). 


S—CH.—COOH 
2HS—CH.,—COOH + HgCl, = 2HCI + Hg (4) 
\ 
S—CH:—COOH 
S—CH.—COOH S—-CH.—COO 
Hg + HgCh, = 2HC] + Hg Hg (5) 
S—CH.—-COOH S—-CH.—-COO 


Here the condition of preparation of these compounds is near to 
neutrality. 


( 
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The present experimental results have distinctly shown that 
cysteine and thioglycolic acid follow the same path in their mer- 
captide formation, which consists of two simultaneous reactions, 
Equations 6 and 7: 


COOH S—R—COOH 
2R 4+ HgCl, = 2HCl + Hg Very rapid (6) 
SH S—R—COOH 
S—R—COOH S—R—COOH gCl 
Hg + HgClh, = HCl + Hg Slow (7) 
S—R-—COOH S-—R—COOH 


where R represents —CH,—CH(NH.)— or —CH,— group. 

The establishment of Equation 6 is chemically important, be- 
cause the formation of mercaptide of the type R—S—-Hg—S—R 
has been considered the general property of thiol compounds, 
cysteine being an exception. Biologically, it may elucidate the 
mechanism of the detoxifying action of cysteine and its allied 
compounds. From a pragmatic standpoint, the reaction has 
made possible the establishment of a precision method for the 
determination of cysteine, which will be reported in the next 
paper. 

EXPERIMENTAL 

Production of HCl from Cysteine and HgCl.—When HgCl, is 
added to a solution of cysteine hydrochloride which has been 
neutralized to pH 5.0, with methyl red! as indicator, the solution 
instantly becomes strongly acid. If the experiment is carried 
out in such a way that a small amount of 0.1 am HgCl, solution at 
a time is added to a definite : mount of cysteine solution, and the 
acid produced is titrated with an alkali solution to pH 5.0, the 
curve shown in Fig. 1 is obtained. It distinctly indicates that 
the addition of 1 mole of HgCl, produces exactly 2 moles of HCl 
until the total amount of cysteine has reacted with an equivalent 
amount of HgCls, in stoichiometrical accordance with Equation 1. 


' By this method of titration the amount of acid combined with cysteine 
can be determined. 
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Although there is a momentary appearance of white precipitate 
at the instant when HgCl, is added, it dissolves on mixing. The 
solution remains clear practically until the first stage is com- 
pleted.? 

Beyond this first stage, the addition of HgCl,. produces a per- 
manent white amorphous precipitate, and the production of HCl 
is slow. Nevertheless, titration after several minutes shows that 
the addition of 1 mole of HgCl, produces 1 mole of HCl, until 
0.5 mole of HCI per 1 mole of cysteine has been produced. Be- 
yond this second stage, further addition of HgCl. produces no 
more acid. (The acidity may slightly increase due to the added 
HgCl. solution.) The stoichiometrical relation between cysteine, 
HgCi., and HC] was found not to be influenced by change in 
concentration. 

Thioglycolic acid was examined in the same way and found to 
proceed along the same path as cysteine (Fig. 1) except that no 
precipitate is formed even with excess HgCle, unless the solution 
is made strongly acid.* In addition, the end-point of the titration 
is indistinct and a far greater error occurs, due mainly to the 
influence of its degree of dissociation and to the slower production 
_of HCl in the second stage. 

Analysts of Precipitate. Mercury Salt of Cystetne—The pre- 
cipitate produced in the titration mentioned above is filtered off 
and washed with hot water until the washings show practically 
no chloride reaction. It is then washed twice with acetone and 
dried in a desiccator over P.O; to a constant weight. <A definite 
amount of the dried precipitate is then put into a Kjeldahl flask 
and decomposed by fuming HNO; with application of gentle 
heat. After the solution has become clear and colorless it is 
diluted and neutralized with ammonia water to a slight acidity. 
Hg in the solution is determined as HgS, and HCl as AgCl after 


> The point of precipitation varies with the concentration of cysteine. 
For instance, 9 X 10~4 mole of cysteine dissolved in 25 cc. of water produces 
precipitate when 5 & 1074 mole of HgCl, is added, while the same amount in 
50 ce. of water does so when 6 & 1074 mole of HgCl, is added. A solution 
containing 20 K 10° mole of cysteine in 25 cc. produces precipitate when 
X mole of HgCl, is added, and one containing 50 1074 mole does 
so when 18 & 104 mole of HgCl. is added. That is, more concentrated 
solution produces precipitate before the completion of the first stage reaec- 
tion. 

* The separated precipitate does not dissolve in water. 
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removal of the H.S in the filtrate. Sis determined as BaSQ, after 


removal of excess Ag”. 
The results are shown in Table I, which are in good agreement 
with the results of titration and in conformity with Equations 


6 and 7. 


50 X10* MOL. CYSTEINE 


30K 20 X10* MOL. CYSTEINE 


16 X 16 MOL. THIOGLYCOLIC ACID 


| 


10 20 30 40 50 
MOL. HgCle ADDED (x10*) 


Fic. 1. Production of HCl from mixtures of cysteine, or thioglycolic 
acid, and HgCl.. 


Mercury Salt of Thioglycolic Acid —A faintly turbid solution 
obtained in the titration is made strongly acid with HCI, when an 
abundant precipitate, which melts to a sticky mass on warming 


MOL. 
HCL 
PROD. 
(x 164) 
| 
£° | 
| 
| 
9X MOL. CYSTEINE 
8X10 MOL. THIOGLYCOLIC ACID 
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(probably near 70°), is filtered off and washed several times with 


cold water. 


Apparently the precipitate loses Hgt+ and Cl- 


on washing, since the washings continue to show reactions of 


TABLE I 


Composition of Mercury Salt of Cysteine or of Thioglycolic Acid 


Hg Cl Ss 

As H S—CH.—CH(NH.)—COOH 

\S—CH.—CH 

colic 60 .617|2.95T| 7.13T 


As Hg 


/S—CH:—COOH) 
\S-—CH,—COO—HgCl 


* Washed with water. 


t Precipitated from alcohol. 


I 
1.0 COMPOSITION OF REACT. MIXTRS: 
SOD. ACETAT. 0.40 M 
ACETIC ACID 012 
CYSTEINE or 
THIOGLYC. ACID 4xXI0O " 
P-18-7. A.REAG. 4cc.PER50cc. 
TOTAL VOL, 50cc. 
PH 5.0 
0.5}- 
a O THIOGLYCOL. ACID. 
A X CYSTEINE 
0.0 3.0 


ria. 2. 


MOLS HgClz ADDED 


The decrease in color intensity produced by the reaction of 


cysteine (or thioglycolic acid) and phospho-18-tungstic acid reagent with 


the increase in the amount of HgCl. added. 


solution containing 4 M cysteine. 


= 24° + 1°; color standard, 


| 
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Hg and Cl ions of practically constant intensities, according to the 
dark color produced by addition of H.S and the turbidity of AgCl. 

The precipitate is fairly soluble in alcohol, from a solution of 
which it is precipitated by the addition of water. Precipitates, 
one washed five times with water and the other precipitated from 
alcoholic solution by adding water, were analyzed as in the case 
of the cysteine salt. The results are shown in Table I.4 

Combination of HgCl, with Thiol Group Indicated by Decrease 
in Its Color Production with Phospho-18-Tungstic Acid Reagent— 
In Paper I of this series (7) it was pointed out that the color 
intensity produced by cysteine or thioglycolic acid with phospho- 
18-tungstie acid reagent is directly proportional to their concen- 
tration. Now, if varying amounts of HgCl. are added to the 
cysteine solution before the addition of the reagent, and the color 
developed is determined as indicated in Paper I, it is found that 
the intensity developed linearly decreases with increase in the 
amount of HgCl. added until the amount of HgCl. exceeds the 
equivalent amount of thiol compounds calculated by Equation 6. 
When an excess of HgCl. is added, a white precipitate appears, 
but the solution remains colorless. Fig. 2° clearly indicates the 
stoichiometrical relation (Equation 6). 


DISCUSSION 


The titration experiments indicate that the reaction between 
cysteine or thioglycolic acid and HgCl. consists of two reactions, 
one very rapid, in which 2 molecules of cysteine combine with 1 
molecule of HgCl. to produce 2 molecules of HCl, the product 
of the reaction being fairly soluble in the medium; the other 
reaction is a slow one, in which 2 molecules of thiol compound 


* Although the results are not in good agreement with the theoretical 
values, owing probably to the loss of the Cl~ or HgCl* by hydrolysis, the 
presence of Cl in the precipitate associated with the titration curve may be 
considered to prove the formation of the compound indicated in Equations 
6 and 7. 

> The slight deviation in the results with cysteine is due to the fact that 
the material is of about 96 per cent purity, the impurities being mainly 
water. Such a deviation in the slope of the line can mathematically be 
explained. However, as this will be discussed in detail in the forthcoming 
paper, it is omitted here. The thioglycolic acid used is nearly 99 per cent 


pure. 
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combine with 1 molecule of HgCl, to produce 1 molecule of HCl, 
and the product is difficultly soluble in the medium (in the case of 
cysteine). 

The color production experiments show that 1 molecule of 
HgCl, combines with 2 thiol groups. Conditions of the two 
experiments of different nature are practically the same in hy- 
drogen ion concentration and temperature, even though ionic 
strengths differ greatly. Therefore, from these results it can be 
concluded that the first rapid reaction is the combination of 
HgCl. with the thiol group as indicated by Equation 6. 

That the second reaction is the one represented by Equation 7 
can be concluded when the results of titration experiments with 
cysteine are associated with those of thioglycolic acid, in addition 
to Claesson’s experiment shown in Equation 5. Chemical analy- 
ses are also in agreement with it. Therefore, the reaction hypo- 
thetically proposed by Brenzinger, Equation 3, in which mercury 
attaches itself to the amino group, should be considered incorrect. 

Apparently, the type of mercaptide to be formed depends 
greatly upon the concentration of hydrogen ions, as well as of 
a mercuric salt. Although such an investigation is chemically 
important, it was not performed, as it was considered to have 
no direct bearing on the present purpose. 


SUMMARY 


It was established that there occur two reactions, Equations 6 
and 7, when cysteine or thioglycolic acid is mixed with HgCl., 
in a medium of pH about 5. 


The author would like to express his thanks to Mr. Robert 
McNeil of the McNeil Laboratories for his support of this re- 
search. 
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IMPROVEMENTS IN THE METHODS FOR CALCIUM 
DETERMINATION IN BIOLOGICAL MATERIAL 


By CHI CHE WANG 


(From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, University of Cincinnati, Cincinnati) 


(Received for publication, June 10, 1935) 


It is well known that the principal disadvantage of any method 
for the determination of calcium involving precipitation as cal- 
cium oxalate lies in washing the precipitate. The solubility of 
the precipitate in water or in dilute ammonium hydroxide is ap- 
preciable and, in centrifuging, a small amount of calcium oxalate 
tends to float on the surface of the liquid and is lost in decanting. 
The satisfactory results obtained by the oxalate method are due 
largely to the compensation of errors, the loss of the precipitate 
of calcium oxalate being balanced by incomplete removal of am- 
monium oxalate in the washings. It is apparent that a washing 
fluid which would remove the excess of oxalate solution with no 
appreciable solution of the precipitate and which prevents any of 
the precipitate from floating on the surface of the liquid would 
increase the accuracy of the method. It has been found that a 
mixture of 2 per cent ammonia in equal parts of alcohol, ether, 
and distilled water meets these requirements, provided that the 
ammonium oxalate used for precipitation is not too concentrated. 
0.1 M ammonium oxalate is substitutued for the usual saturated 
ammonium oxalate (4 per cent). This is about one-third the 
usual concentration but insures an adequate oxalate concentra- 
tion for complete precipitation of calcium oxalate. ‘lwo washings 
with the ammoniacal alcohol-ether-water mixture are needed but 
there is no appreciable loss of calcium with three washings. Three 
washings are not sufficient when more concentrated ammonium 
oxalate is used. 

In applying the new washing solution to calcium determinations 
we have used Kramer and Tisdall’s (1) permanganate titration, 
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TABLE I 
Calcium Determinations with New Washing Technique 
All precipitations stood overnight. 


On calcium chloride solutions (Iceland spar in HCl) 


Ca Ca Ca 
D - C Devia- Cc D - 

mq. mg. per cent ™Q. mg. per cent mg. mg. ‘per cent 
0.224 0.228} +1.8 | 0.124 | 0.123 | —0.8 | 0.062) 0.061; —1.6 
0.224 0.227; +1.3 | 0.124 | 0.123 | —0.8 | 0.062) 0.060, —3.2 
(). 224 Q. 224 0.0 | 0.124 | 0.122 | —1.6 | 0.062) 0.062 0.0 
(). 224 0.227; +1.3 | 0.124 | 0.123 | —0.8 | 0.062) 0.061) —1.6 
0.224 0.228) +1.8 | 0.124 | 0.124 0.0 | 0.062) 0.062 0.0 
0). 224 0.225; +0.4 | 0.124 | 0.124 0.0 | 0.062) 0.063) --1.6 
Average 0.224 | 0.226; +1.1 | 0.124 | 0.123 | —0.7 | 0.062) 0.062) +1.3 


i ‘Recovery of Ca from artificial tissue extract containing per 100 cc. 8 mg. Ca, 20 mg. Mg, 
152 mg. P, 150 mg. Na, and 190 mg. K 


Diluted so 5 cc. sample = 0.200 mg. Ca 
Pptd. directly Pptd. directly 
mg mg. mg. 
0.079 0.200 0.201 
0.080 0.202 0.201 
0.078 0.201 0.197 
0.078 0.198 0.198 
0.082 0.197 0.200 
0.078 0.197 0.201 
0.081 
0.082 
Average .0.080 0.199 0.200 
Dog serum (1 cc. equivalent of serum Recovery of Ca added to dog sera (trichloroacetic ‘ 
used ) acid filtrate) 
Ashed with 
C 
up with HCl 
mq. mq. mq. my. per cent 
0.099 0.097 0.021 0.062 0.063 +1.6 
0.098 0.098 0.069 0.062 0.062 0.0 
0.100 0.100 0.080 0.062 0.063 +1.6 
0.101 0.101 0.059 0.124 0.126 +1.6 
0.100 0.102 0.060 0.124 0.127 +2.4 
0.103 0.099 0.042 0.186 0.187 +0.5 
0) 097 0.097 0.128 0) 121 127 | +24 
0.095 0.097 | 
Average.0.100 | 0.099 | +15 
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Clark and Collip’s (2) method of removing the washing fluid, and 
Van Slyke and Sendroy’s (3) principle of removing proteins with 
trichloroacetic acid. 

The method, as applied to samples containing between 0.06 
and 0.22 mg. of calcium, gave an average deviation of +1.1 per 
cent of theoretical values with standard CaCl, solution or with 
artificial tissue extract solution, and an average deviation of 
+1.5 per cent when calcium was added to the filtrate from blood 
serum (Table I). After a little experience, one person can easily 
run twenty-four calcium determinations during a working day. 
The author has run as many as forty-eight in a day. In connec- 
tion with our metabolic work, this method has been used by the 
writer in approximately 2500 determinations of calcium, in blood, 
urine, food, and feces, with an error of approximately 2 per cent. 
The procedure also has been successfully used by associates in 
other departments of this institution. The exact techniques for 
serum, urine, food, and feces are given below. 


Reagents 


Trichloroacetic acid, 20 per cent; 20 gm. dissolved and diluted 
to 100 ce. | 

Sodium acetate, 20 per cent; 20 gm. dissolved and diluted to 
100 ce. 

Brom-cresol green, 0.016 per cent; prepared from stock solution 
as described by Clark (4). 

Ammonium oxalate, 0.1 mM; 1.42 gm. of ammonium oxalate dis- 
solved and diluted to 100 ce. Add a crystal of thymol and keep 
the bottle in the refrigerator. 

Acetic acid, approximately 1.5 m; 42 cc. of 99.5 per cent acetic 
acid, diluted to 500 cc. | 

Ammonium hydroxide, 1:1; 1 volume of ammonium hydroxide 
to 1 volume of distilled water. 

Ammonium hydroxide, 1:5; 1 volume of ammonium hydroxide 
to 3 volumes of distilled water. 

Washing solution; 20 cc. of concentrated ammonium hydrox- 
ide in 980 ec. of a mixture of 1 volume of redistilled alcohol, 1 
voluine of redistilled ether, and 1 volume of distilled water. 

Sulfuric acid, approximately 1 N; 27 cc. of concentrated sulfuric 
acid diluted to 1000 ce. 
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Sulfuric acid, 1:1; 1 volume of concentrated sulfuric acid to 
1 volume of distilled water. 

Nitric acid, concentrated. 

Nitric-perchloric acid mixture; LOO ec. of fuming nitric acid 
(sp. gr. 1.49), 50 ec. of perchloric acid (sp. gr. 1.615), 100 ec. of 
distilled water. 

Hydrochloric acid, approximately 20 per cent; 1 volume of 
concentrated hydrochloric acid to 1 volume of distilled water. 

Hydrochloric acid, approximately 1 N; 100 ec. of concentrated 
hydrochloric acid diluted to 1000 cc. with distilled water. 

Acid-washed charcoal.! 

Standard potassium permanganate, 0.01 N (5). 

Standard sodium oxalate, 0.02 nN; 0.134 gm. of sodium oxalate 
dissolved and diluted to 100 ce.; Merck’s reagent, dried to con- 
stant weight and kept in a vacuum dessicator. It keeps about 
1 month in the refrigerator. 

Blank determinations must be made including all reagents in 
the quantities used in the actual determination. In the results 
reported here there was no detectable calcium in the reagents used. 

All glassware, including reagent bottles, should be of Pyrex, ex- 
cept the burettes and pipettes. In this study Thomas pipettes 
were used. 


Procedures 


Blood Serum -Yo 1 volume of serum and 3 volumes of distilled 
water in an Erlenmeyer flask, is added, drop by drop with constant 
shaking, 1 volume of 20 per cent trichloroacetic acid. The mix- 
ture is allowed to stand for about 3 hour, transferred to a cen- 
trifuge tube, and centrifuged for 5 minutes. The supernatant 
liquid is poured off through a small ashless filter paper. 

Into a serupulously clean? 15 ce. conical centrifuge tube, with 


! We used Dareo decolorizing carbon from the Darco Sales Corporation, 
New York, but have not tested other charcoals. This carbon contained 
considerable calcium which was removed as follows: 10 gm. of the carbon 
were boiled with about 150 ec. of 10 per cent HCL for about 10 minutes, 
poured on an ashless filter paper ina Buchner funnel, and washed with dis- 
tilled water until free of chlorides. It was then dried in an oven at about 
100", 

? The centrifuge tubes must be thoroughly clean, so that no liquid will 
cling to the wall of the tube after decanting. It is advisable to boil the 
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a proper point,’ 5 ce. of the filtrate, 1 ce. of 20 per cent sodium 
acetate, 6 to 8 drops of 0.016 per cent brom-cresol green indicator, 
and 1 ce. of an approximately 0.1 M ammonium oxalate’ are meas- 
ured. In adding the oxalate, care must be taken that it drops 
directly into the solution and does not touch the wall of the tube, 
from which it will be difficult to remove by subsequent washings. 
The mixture is stirred with a fine glass rod and the pH is adjusted 
to match a phosphate buffer solution of pH 5 containing the same 
number of drops of the indicator in a similar volume, with 1:1 
ammonia at first and 1:3 ammonia for the end-point. If the 
end-point is passed, the reaction is brought back to acid by means 
of dilute acetic acid, approximately 1.5 m. The rod is rinsed 
with water and the tube covered with a nursing bottle rubber cap. 
The mixture is permitted to stand for at least 1 hour, preferably 
overnight, and then centrifuged for 8 minutes at 2000 r.p.m. The 
supernatant solution is carefully decanted and while the tube is 
still inverted, it is placed in a rack on a few sheets of filter paper 
and allowed to drain for 5 minutes. (The supernatant liquid may 
be removed by suction with an immersion filter of a mesh that 
will hold back the precipitate and the immersion filter can be 
used afterwards as a stirring rod during titration.) The mouth 
of the tube is wiped with a strip of ashless filter paper and any 
drops that cling to the wall of the tube are also removed in this 
way. The precipitate is washed with approximately 3 ee. of 


tubes first in a soap solution for a few minutes (Dreft or Orous are much 
better than ordinary soap), after which they are rinsed and heated at ap- 
proximately 100° for a few minutes in a mixture of chromate and sulfuric 
acid. 

° The shape of the tube is important, because if the point is too narrow, a 
part of the fluid will cling to the bottom of the tube when being decanted. 
If it is too wide, the precipitate will break. Since it is difficult to get the 
ideal shape and size of point, the simplest way is to test each tube with 
distilled water and see that all of the liquid ean be removed by inverting the 
tube slowly. 

40.1 Mm (NH,).C.O, deteriorates easily on standing at room temperature. 
It should be kept in a refrigerator and preserved with a crystal of thymol. 

> In case the mixture is strongly acid, as in oxidizing food and feces, con- 
centrated NH,OH should be used first, and if the reaction of the mixture is 
alkaline, it should be made acid with concentrated acetie acid before the 
addition of (NTE 
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2 per cent ammonium hydroxide in a mixture of equal parts of 
alcohol, ether, and distilled water from a wash bottle with a very 
fine jet, the stream being directed slightly above the point on the 
wall reached by the supernatant solution, while the tube is held at 
an angle of about 60° and is kept constantly rotating. The precip- 
itate is thoroughly broken with a fine Pyrex glass rod and mixed 
with the washing mixture. The glass rod is rinsed, removed, 
and the tube centrifuged for 5 minutes. The supernatant solution 
is again decanted and drained as above. This washing is repeated 
once and the tube is placed in an oven for about 1 hour at a tem- 
perature between 85-100° in order to remove the last trace of the 
organic solvents. At the end of an hour, 2 cc. of approximately 
N sulfuric acid are delivered from a pipette into the tube, with care 
to wash the sides of the tube with the acid. The mixture is stirred 
with the fine glass rod and the tube is placed in a boiling water 
bath for 1 minute. The oxalic acid is immediately titrated with 
0.01 N potassium permanganate,* from a microburette graduated 
in 0.01 cc. and with a tip delivering not more than 0.015 ce. at a 
drop. If the oxalic acid requires more than 0.5 cc. of potassium 
permanganate, it is advisable to carry out the titration in a water 
bath at 70-75°. With the aid of a stirring rod it is possible to 
detect the end-point with not more than 0.008 ce. of the potas- 
sium permanganate. Thus the method is accurate from approxi- 
mately 0.0016 to 0.002 mg. 

Urine—Fiske and Logan (6) have pointed out that calcium 
may be determined directly on urine only when it is quite free 
from material (other than calcium oxalate) which precipitates 
under the conditions used, and, that whenever such material is 
present ashing is either more convenient or necessary. Our ex- 
perience has been that, although in some cases it may be possible 
to determine calcium directly on fresh urine, it is not satisfactory, 
as high values frequently result. However, if the urine is treated 
with trichloroacetic acid, calcium values agreeing with those on 
urine ash are obtained. Even in apparently normal urine, with- 
out detectable traces of albumin, this treatment may remove 
interfering substances. One objection to using trichloroacetic 


6 The author prefers using 0.01 nN KMnQO, made according to Halverson 
and Bergeim (5). When this solution is kept in a dark bottle, the concen- 
tration is not appreciably changed for at least a month and there is no 
necessity to restandardize in less than that time. 
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acid filtrate for the permanganate titration method is the frequent 
presence of color in the filtrate which interferes with the adjust- 
ment of pH by brom-cresol green indicator. This difficulty is 
overcome by adding a small amount of acid-washed charcoal! 
to the mixture of urine and trichloroacetic acid before it is filtered 
but after the volume has been made up. The filtrate from this 
mixture is usually clear and almost colorless. 

Tests were made which proved that charcoal did not remove 
ealcium from pure CaCl. solution. In Table II, the results of 
parallel determinations on urine ash, trichloroacetic acid filtrate, 
and filtrate from trichloroacetic acid plus carbon are given. Prac- 
tically colorless urines were selected for this series. In the latter 
part of Table II are given a few representative parallel determina- 
tions on ashed urine and on trichloroacetic acid-carbon filtrate 
of urine so highly colored that determinations on the filtrate with- 
out carbon were impossible. It is evident that this treatment 
with trichloroacetic acid and carbon allows determinations of 
calcium in urine to within the accuracy of the titration technique. 
Incidentally, the use of carbon removes the objectionable urine 
odors. 

Urine is treated with 20 per cent trichloroacetic acid in the same 
manner as is blood, except that the dilution should be varied ac- 
cording to the calcium content expected and carbon is added 
before filtering. For instance, in the urine of infants and that of 
patients suffering from certain diseases such as nephrosis, the 
total per 24 hour urinary calcium may be as low as 10 mg. On 
the other hand, the urinary calcium of adults and that of children 
suffering from progressive pseudohypertrophic muscular dystro- 
phy or in conditions of highly acid urine may be as high as 300 
mg. per 24 hours. In the former case, 1 volume of 20 per cent 
trichloroacetic acid is added slowly to 4 volumes of urine in an 
Erlenmeyer flask. In the latter case, 1 volume of the acid is 
added to a mixture of 1 volume of urine and 3 volumes of water. 
For every 25 cc. of this trichloroacetic acid-urine mixture, about 
0.4 gm. of acid-washed, dry charcoal is added. The mixture is 
shaken and allowed to stand for about 15 to 20 minutes with oc- 
easional shaking and then filtered through an ashless filter. The 
filtrate should be clear and almost colorless. Calcium is deter- 
mined on an aliquot 5 to 10 ce. portion of the filtrate as in the 
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case of blood serum. ‘Thus in the lowest output found, 10 mg. of 
Ca in 1000 cc. of urine per day, 10 cc. of the filtrate gave 0.08 mg. 


TABLE II 


Comparison of Calcium Determinations on Ashed Urine with Those on 
Trichloroacetic Acid Filtrate with and without Charcoal 


All precipitations stood overnight. The values are given in mg. per 


100 ce. 
Ashed with 5 drops Filtrate from 
concentrated Trichloroacetic trichloroacetic 
Urine H2SO,, taken up acid filtrate acid filtrate + 
mg with HCl charcoal 
Faintly colored 1 11.4-11.8 11.611.5-11.9) 11.811.6-12.0) 11.8 
urines, 6 deter- 2 11.6-11.9 11.7,11.3-11.9) 11.7)11.7-12.0) 11.8 
minations on each | 3 11.1-11.4) 11.3/10.5-11.1) 10.911 .0-11.3) 11.2 
4 10.9-11.3) 11.2)10.7-11.0) 10.9,11.2-11.3) 11.2 
8.7—- 9.0) 8.9} 8.5—- 8.8) 8.7) 8.5- 8.9) 8.7 
6 8.6- 9.0) 8.8) 8.5- 8.8 8.6 8.6- 9.0) 8.8 
7 7.8— 8.2) 7.7- 8.1) 7.7- 8.1) 8.0 
S 7.8- 8.1) 8.1] 7.8- 8.1} 7.9) 7.8- 8.1] 7.9 
Highly colored | 9 30.0 30.4 
urines, 2. deter- | 10 24.3 24.4 
minations on each | 11 22.1 22.1 
12-a* 11.4 11.4 
12-b 11.3 11.2 
13-a 11.3 11.3 
13-b 11.2 11.2 
l4-a 8.2 8.2 
14-b 8.1 7.9 
15 4.8 4.9 
16 4.1 4.0 
17 3.2 3.1 
iS 2.3 2.0 
1.6 | | 16 
19-b 15° | | 1.6 


* The a and b indicate separate days for the same subject. 

t Urine samples, from 2 successive days, from a child with nephrosis, on 
an ordinary hospital diet. There were about 2 gm. of albumin per liter 
of urine. 


of Ca, and in the adult urine of 300 mg. of Ca in 1500 ce. of urine 
per day, 5 ce. of filtrate gave 0.2 mg. of Ca. As shown in Table 
I, these amounts of calcium are accurately determinable. 
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Food and Feces—About 2 gm. of dry, finely ground food or 
0.5 gm. of feces is placed in a 250 ec. Kjeldahl flask (or 800 ce. 
flask if perchloric acid is employed). It is oxidized with either 
sulfuric and nitric acids or by a nitric-perchloric acid mixture ac- 
cording to the method of Lematte, Boinot, and Kahane (7). 

Sulfuric Acid Method—10 cc. of 1:1 sulfuric acid are placed in 
a flask containing the dried material and the flask is heated over 
a water bath until the mixture is thoroughly charred. Nitric 
acid, 8 to 10 drops at a time, is added from time to time and the 
flask shaken and heated over a microburner until the mixture is 
thoroughly oxidized and becomes colorless on further heating. 
The solution is cooled and rinsed into a 500 cc. volumetric flask 
and made up to the mark with distilled water. In order to re- 
move the excess of sulfate, an aliquot part, usually 5 cc., of the 
solution is pipetted into a 30 cc. Pyrex beaker, evaporated down 
to dryness on a water bath, and placed in a muffle furnace at 
600° for 15 to 20 minutes. Onto the residue 1 cc. of 20 per cent 
hydrochloric acid is measured and evaporated just to dryness on 
a sand bath on a electric plate, care being taken to avoid spat- 
tering. About 10 minutes are usually required to bring the solu- 
tion just to dryness. This procedure is repeated four times, the 
beaker being cooled each time before the addition of hydrochloric 
acid. The final residue is dissolved in 2 ec. of N hydrochloric acid 
and is quantitatively transferred into a 15 ec. conical centrifuge 
tube. The procedure for the precipitation of calcium is then car- 
ried out as described above for serum. 

Nitric-Perchloric Acid Method—To the flask containing the dry 
material are added about 40 cc., or 20 cc. in the case of feces, of 
the nitrie-perchloriec acid mixture and the flask is heated over a 
microburner with constant shaking in order to avoid explosion. 
When white fumes begin to appear and the liquid starts to 
darken, more acid mixture, 10 to 20 ec., is added. The digestion 
is continued until the mixture becomes colorless or only slightly 
colored. The flask is cooled and the mixture is quantitatively 
transferred into a 500 cc. volumetric flask. Calcium is deter- 
mined on 5 ec. portions of the solution. Although it requires 
considerable care to prevent explosion, this method saves the step 
of removing the excess of sulfate ion. 

Interference of Sulfate-—-One of the difficulties encountered in 
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determining calcium in urine or in the ash of the digestion by 
means of sulfuric and nitric acids is the interference of the sulfate 
ion in the precipitation of calcium oxalate noted by Fiske. In 
order to find the proportion of sulfate to calcium at which the 
former would not interfere appreciably with the precipitation 
under the conditions of oxalate concentration suitable for this 
new washing technique, experiments were made in which various 
amounts of sulfuric acid were added to serum filtrates of known 
calcium value. As shown in Table III, the interference decreases 


TABLE III 
Effect of Sulfate Ion on Calcium Oxalate Precipitation 


Calcium and H.SO, were added to tubes containing 5 ec. of trichloro- 
acetic acid filtrate of dog serum equivalent to 1 ec. of serum, containing 
0.098 mg. of calcium oxalate added; pH adjusted to 5, and allowed to stand 
overnight. 


Ca added Sulfate added SO, : Ca ratio 
mg. mg. mg. mg. per cent 
0.062 0.160 432.5 0.080 50.0 2703 
0.124 0.222 432.5 0.148 33.3 1948 
0.186 0.284 432.5 0.230 19.0 1523 
0.062 0.160 288 .3 0.131 18.1 1802 
0.124 0). 222 288 .3 0.201 9.5 1299 
0.186 284 288 .3 0.272 4.2 1015 
0.062 0.160 216.3 0). 147 8.1 1352 
0.124 0.222 216.3 0.214 3.6 974 
0.186 0.284 216.3 0.275 3.2 761 
0.124 0.222 144.2 0.218 1.8 649 
0.186 0.284 144.2 0.281 1.1 506 


with the ratio of sulfate to calcium, and when the ratio is approxi- 
mately 500:1, the interference becomes negligible. When inter- 
ference occurs, multiple determinations disagree among them- 
selves and failure to get good checks should raise suspicions as 
to completion of precipitation. In our experience, whenever 


sulfuric acid is used in oxidation, unless the ratio can be definitely 
established by calculation, it is wise to remove the excess of sulfate 
by means of heat and to convert the insoluble metaphosphates 
to soluble orthophosphates first, otherwise the results may be 
Although a ratio of 


considerably lower than the actual values. 


. 
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500: 1 seems rather large, it does not take much sulfuric acid to 
reach this point. For instance, in Fiske’s alkalimetric calcium 
method (6), when he oxidizes a urine specimen containing from 
0.25 to 0.75 mg. of calcium with 1 cc. of 10 N sulfuric acid, not 
including the sulfate already present in the specimen, the ratio 
lies between 1920 and 640 to 1. 

This high sulfate-calcium ratio does not interfere with accurate 
results in Fiske’s method, but it is apparent that it does under 
the conditions of lower oxalate concentration used with the 
present method. Since the sensitivity to sulfate interference is 
increased under these conditions, it is possible that the interfering 
action of other substances, as P and Meg discussed by Fiske, 
might likewise be intensified. The result on artificial tissue salt 
mixture, given in Table I, shows that salt relations in tissue ex- 
tract or ash do not interfere and the results with urines given in 
Table II indicate that there is no interference in ordinary human 
urine. We have not yet tested it against Fiske’s double precipi- 
tation method for urines containing unusually high phosphorus 
and magnesium. 


SUMMARY 


1. A new washing solution for calcium oxalate precipitation 
of 2 per cent ammonia in equal parts of alcohol, ether, and water 
prevents flotation and permits washing of the precipitate without 


appreciable loss of calcium. 
2. The treatment of urine with trichloroacetic acid and carbon 


allows direct caleium determination on urine. 
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Each of the alkaloids of ergot which we have had opportunity 
to study has in turn been shown to be a derivative of lysergic 
acid, in which the latter is conjugated with a-amino acids or with 
substances derived from them. In our very recent communi- 
cation! on the alkaloid, C;9H23:02N; (the ergobasine of Stoll and 
Burckhardt),? this has been shown to be the hydroxyisopropyl- 
amide of lysergic acid. Since this fact conforms so well with the 
above formulation first given by Stoll and Burckhardt, it at once 
appears fairly certain that lysergic acid occurs as such in the mole- 
cule of this alkaloid. However, since, as we shall see later, lyser- 
gic acid is unsaturated, it is not excluded that in other alkaloids 
it may occur as a precursor which contains an additional water 
molecule in its make-up.* But we shall return to this point on 
another occasion. lLysergic acid is unquestionably the compo- 
nent of the ergot alkaloids to which the latter owe their phar- 
macodynamic action. This is found influenced in the individual 
alkaloids by the other substances with which lysergic acid is 
conjugated. The determination of its structure has therefore 
become a major problem. ‘This problem has naturally heen com- 
plicated by the difficulty of obtaining sufficient material for 
studies in degradation. In the first place the amount of crude 
mixed alkaloids which can be obtained from crude ergot is at 
best not more than 0.1 per cent and the resulting mixture must 
be fractionated to separate the individual alkaloids, ergotinine, 

' Jacobs, W. A., and Craig, L. C., Science, 82, 16 (1935). 


* Stoll, A., and Burckhardt, E., Compt. rend. Acad., 200, 1680 (1935). 
* Jacobs, W. A., and Craig, L. C., J. Biol. Chem., 110, 523 (1935). 
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ergotoxine, and ergoclavine. These alkaloids in turn must be 
hydrolyzed for lysergic acid. In later work, however, it has been 
found expeditious to hydrolyze the crude alkaloid mixture di- 
rectly. Finally, for a portion of the work here reported the 
additional step of reduction to dihydrolysergic acid became neces- 
sary. Thus because of the comparative inaccessibility of the 
material needed it has been compulsory to work with small quan- 
tities of substance. And because of the very small yields obtained 
in degradation studies manipulations throughout have been on 
a micro scale, for which special methods have had to be employed. 

As a result of many analyses of lysergic acid and its derivatives 
there appears to be no need to change the original formulation 
adopted by us,‘ It contains an N-methyl group 
and a carboxyl group and is therefore obviously of aromatic 
character. Both lysergic acid and dihydrolysergic acid resisted 
all attempts to acetylate them. They form stable salts with 
only 1 equivalent of acid. These facts indicate that both N 
atoms are tertiary or that perhaps one of them may be contained 
in a pyrrole ring. Since lysergic acid when heated to 210—230° 
decomposes with the copious evolution of CO, and methylamine 
it appears unlikely that the N-methyl group is situated on such 
a pyrrole nitrogen atom. The color reactions of lysergic acid 
suggest that it is an indole derivative and may be biogenetically 
related to tryptophane. This possibility appears to have been 
definitely supported by the information which we have obtained 
from the study of alkali fusion. In these experiments lysergic 
acid was first employed but gave rather unsatisfactory results, 
although the odor produced was definitely suggestive of indole 
derivatives. The use of dihydrolysergic acid, however, proved 
to be more encouraging. 

For this purpose dihydrolysergic acid was fused at about 300° 
with potassium hydroxide in an atmosphere of hydrogen and the 
evolved gases were collected. Methylamine was almost quanti- 
tatively collected in acid and was identified among other ways 
as the picrate. The aqueous solution of the alkali fusion, which 
exhibited a pronounced fecal odor, was extracted directly with 
ether and finally, after acidification, with this solvent and so 
separated into acid and basic or neutral products. However, 


4 Jacobs, W. A., and Craig, L. C., J. Biol. Chem., 104, 547 (1934). 
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since some of the products appeared to change in their behavior 
towards alkali as the separation progressed, we must refer the 
reader to the experimental part for further details. The individ- 
ual substances were separated or purified by sublimation in a 
microsublimation apparatus. 

One of the non-acid substances was characterized as a brownish 
red picrate, which melted at 148-150° and gave analytical figures 
which agreed with the picrate of a methylethylindole, C,,H,3N -- 
CsH30;N;3. On the theory that this could have been formed by 
rupture of a 4-carboline ring, which we shall later discuss, 2- 
methyl-3-ethylindole was synthesized from the phenylhydrazone 
of methyl-n-propyl ketone and converted into the picrate for 
comparison. The latter melted at 148-150° and appeared to 
be identical with the substance obtained from the alkali fusion. 
However, owing to the very small amount of the latter, which 
remained after the necessary recrystallization, analysis, etc., it 
was impossible to complete the comparison in proper fashion. 
The suggestion of identity must therefore be presented with nec- 
essary reservation. 

As the separation of the products of the alkali fusion proceeded, 
other substances were isolated. One of these was a base which 
melted at 68° and gave a yellow picrate whieh melted at 195-200°. 
The analytical figures with the latter indicated the formula 
CyH,N-C7H3;07;N; or that of the picrate, perhaps of a methyl- 
ethyleneindole. The red picrate of the isomeric tricyclic® cyclo- 
pentindole which we prepared for comparison according to Perkin 
and Plant gave a definite melting point depression with the above 
picrate and is therefore excluded. The substance will require 
further study. Other substances were an apparent indole deriva- 
tive which gave a red picrate melting at 165-170° and an acid 
which melted at 270°. The amounts of these substances, how- 
ever, were too small to obtain a clue to their nature which must 
be left for later work. 

Of special importance was the study of the lowest boiling acid 
fraction which resulted from the alkali fusion. An acid was ob- 
tained which was identified as propionic acid by its p-bromo- 
phenacyl ester. From the mother liquor of the latter other 
material was obtained, the preliminary study of which strongly 


* Perkin, W. H., Jr., and Plant, 8S. G. P., J. Chem. Soc., 123, 3244 (1923). 
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suggested the corresponding derivative of acetic acid. The 
amount available was too small to make this conclusive. We 
believe the formation of propionic acid of special significance, 
since it indicates the presence in the molecule of a propyl or 
propylene side chain. 

From the above observations a number of points are suggested. 
In the first place there seems now to be little doubt that the indole 
portion of tryptophane discussed above is present in the molecule 
in which, as in formula (I), the benzene ring is unsubstituted. 

We have already reported® that lysergic acid can be reduced 


by sodium and amyl (or butyl) alcohol to dihydrolysergic acid — 


and that similarly the corresponding alcohol, (a- and B-) dihy- 
drolysergol,’ is produced on reductive cleavage of ergotinine (or 
from lysergic methyl ester) with these reagents. Since according 
to general experience it is difficult to reduce the indole ring system, 
it appears certain that at least one double bond, which is reduced 
in the formation of the dihydro derivative, must be contained in 
another portion of the molecule. 

These conclusions may perhaps be related to the facts already 
established in the cases of two other groups of alkaloids related 
to tryptophane, namely, the harmine alkaloids, studied by Perkin 
and Robinson’ and their coworkers, and the yohimbine alkaloids, 
for which especially Barger and Scholz® have established a related 
formula. It appears probable that in the case of lysergic acid 
we are also dealing with a similar 4-carboline!® structure. Since 
methylamine is practically quantitatively produced along with 
the other indole derivatives, it appears certain that the basic 
earboline nitrogen atom carries the N-methyl group and is the 
salt-forming portion of the molecule. This would permit a partial 
structure as given in (II), in which the numbering is in accordance 
with the proposal of Perkin and Robinson.'!” There remain a 
propyl or propylene side chain and a carboxyl group to complete 
the 16 carbon atoms of the derived formula and it appears that 


6 Jacobs, W. A., and Craig, L. C., J. Biol. Chem., 106, 393 (1934). 

7 Jacobs, W. A., and Craig, L. C., J. Biol. Chem., 108, 595 (1935). 

8 Perkin, W. H., Jr., and Robinson, R., J. Chem. Soc., 116, 933 (1919). 
Kermack, W. O., Perkin, W. H., Jr., and Robinson, R., 7. Chem. Soc., 119, 
1602 (1921); 121, 1872 (1922). 

° Barger, G., and Scholz, C., J. Chem. Soc., 614 (1933) ; Helv. chim. acta, 
16, 1343 (1933). 

© Perkin, W. H., Jr., and Robinson, R., J. Chem. Soc., 116, 970 (1919). 


‘| 

li 

O 

tl 

O 

f 

fc 

at 

al 


W. A. Jacobs and L. C. Craig 459 


these groups must be situated on the hydropyridine ring. In 
addition the formula would require that there must be two double 
bonds, one oi which has been directly shown by the formation of 
dihydrolysergie acid. This double bond is presumably in the 
pyridine ring, apparently between carbon atoms (5) and (6), 
which would account for its ready reduction with sodium and 
butyl alcohol, just as harmine and harmaline can be reduced to 
tetrahydroharmine. 

As regards the positions occupied by the carboxyl and propylene 
groups it is scarcely probable that position (6) can be in question, 
because of the inferred genetic relationship to tryptophane. 


6 
3 
40 
if 4 
NH 
I II 
, 
‘omg 
NCH, 
NH “CH NH CH 
CH C3Hs 
CH 
CH, 
Ill IV 


There remain therefore only carbon atoms (3) and (5) as the most 
likely positions for such attachments and of several possibilities 
general considerations would seem to favor most the arrangement 
of groups as given in (III). Carbon atom (3) would thus become 
the center of asymmetry required, since lysergic acid itself is 
optically active. The formation of epimeric dihydrolysergols 
from either ergotinine or lysergic methyl ester would be accounted 
for by the formation of a new center of asymmetry at carbon 
atom (5) (IV) by reduction of the double bond between (5) 
and (6). 

The presence of a second double bond in lysergic acid must be 
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inferred from its formulation and there appears to be no other 
place for it than in the assumed propyl side chain which would 
thus become propylene, as given in (III). This is still consistent 
with the production on alkali fusion of propionic acid and perhaps 
of acetic acid. It is not impossible that the side chain could be 
an allyl group and that the double bond shifts during alkali fu- 
sion. It is, of course, possible to place both carboxyl and propy- 
lene groups on carbon atom (3) but it would then be more difficult 
to explain the appearance of epimers when dihydrolysergol is 
produced. However, a study of the catalytic hydrogenation and 
oxidative cleavage of lysergic acid and dihydrolysergic acid, which 
is now in progress, will, we hope, give additional essential data 
on these points. 

Finally, in the special case of a-dihydrolysergol we have found 
that a crystalline methiodide is produced with methyl iodide 
which has the properties of a true onium salt. Whether, as dis- 
cussed in the case of harmane by Kermack, Perkin, and Robin- 
son,'! the alkyl group adds on the indole nitrogen atom to give 
an Ind-N-methyl derivative, since the Py-N is already substi- 
tuted, must be left open for the present. 

Owing to the difficulties of work with such limited material as 
is available, the above conclusions are presented with necessary 
reservations and it is hoped to supplement and confirm them by 
further evidence (synthesis) or if necessary to revise them in the 
light of any new conflicting data. 


EXPERIMENTAL 


Alkali Fusion of Dihydrolysergic Acid—400 mg. of dihydro- 
lysergic acid® were ground in a mortar with 2 gm. of potassium 
hydroxide and placed in the fusion chamber of a small glass ap- 
paratus built for the purpose. The apparatus was made of Pyrex 
glass and consisted of a thick walled compartment of about 10 ce. 
capacity which contained the fusion mixture. At one end of the 
compartment was sealed a smaller glass tube for entrance of the 
hydrogen and at the other a rather narrow tube was bent in the 
shape of a U-tube in order to act as a condenser when immersed 
in ice water. The U-tube then led through a trap kept in acetone- 


Kermack, W. O., Perkin, W. H., Jr., and Robinson, R., 7. Chem. Soc., 
121, 1877 (1922). 
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carbon dioxide mixture and this trap then was connected to 
another trap containing dilute hydrochloric acid in order to col- 
lect any volatile base. A slow current of hydrogen was passed 
through the apparatus during the fusion. The fusion chamber 
was heated by a metal bath. After many experiments it was 
found that the optimum conditions for the decomposition were 
rapid heating to 295-300° (bath temperature) and maintaining 
at this point for $ hour. 

After fusion the ice water trap contained considerable water 
and a small amount of a reddish colored semisolid material that 
had a strong fecal odor. The fused caustic was dissolved out with 
water. It was colored bright bluish purple. Upon extraction 
with ether the ether layer became a brilliant fluorescent red. The 
alkaline layer was set aside to be treated as described below. The 
ether layer was then evaporated to dryness in a small sublimation 
outfit. 30 mg. of a dark colored residue remained. The oily 
materials in the ice trap and in the carbon dioxide trap were 
washed out with ether and the ether solution was added to the 
residue in the sublimation outfit. Upon evaporation a combined 
residue of 40 mg. remained. It was sublimed by slowly raising 
the oil bath temperature to 170° under 0.2 mm. pressure. 20 mg. 
of a reddish colored oil sublimed. It was washed off the condenser 
with ether and the ether evaporated. The oily residue was taken 
up in 1 ee. of 10 per cent hydrochloric acid and the mixture was 
shaken several times with 1 cc. portions of ether. The acid 
aqueous layer, which contained basic material, was set aside for 
treatment as described below. The ether extracts which con- 
tained neutral or very weakly basic products were combined and 
washed with 1 ec. of water. After evaporation of the ether 10 mg. 
of a dark colored semicrystalline mass remained. It was placed 
in a microstill and it was possible to collect a fraction at between 
130-160° (oil bath temperature). This proved to be 4.9 mg. of 
a semicrystalline colorless material. It was removed from the 
condenser with ether. The oil bath temperature was then raised 
further to 200°. 1 mg. of additional solid material distilled. 
The lower boiling, semicrystalline fraction was treated with 
petroleum ether and concentrated to about 2 drops. After cool- 
ing, the crystalline material was sucked off and proved to be the 
same as the above 1 mg. of higher boiling fraction with which 
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it was then combined. This substance could be recrystallized 
nicely from ethyl ether and then melted at 192°. Owing to the 
small amount of material available, its further investigation has 
been deferred. 

The petroleum ether filtrate from this substance was evaporated 
to dryness. The residue which was a mobile oil weighed 3.8 mg. 
and could not be made to crystallize as such or from any solvent. 
It was treated with 6 mg. of picric acid and 2 drops of ethyl al- 
cohol. Upon heating, a dark brownish red solution was formed 
which upon cooling deposited brownish red crystals of the picrate. 
After collection this weighed 3 mg. and melted at 148—-150°. 


Ci7HisO7N4. Calculated, C 52.57, H 4.16; found, C 53.01, H 3.94 


Since the melting point of this substance corresponded with that 
recorded for 2-methyl-3-ethylindole” of the same formula, the 
latter was prepared by the Fischer synthesis from the phenyl- 
hydrazone of methyl-n-propyl ketone. The synthetic indole 
proved to be a rather mobile oil which was soluble in petroleum 
ether and had the identical odor of the above indole from the 
alkali fusion. It distilled in the microdistillation apparatus at 
145-150° under 0.2 mm. pressure (oil bath temperature). It 
formed a picrate which was indistinguishable in properties from 
our picrate. 


Ci 7H Calculated, 52.57, H 4.16; found, 52.56, H 4.53 


Unfortunately we were not able to make a mixed melting point 
of our picrate with the synthetic picrate, since by the time we 
had prepared the latter the melting point of the former had low- 
ered because of slow decomposition which occurred during long 
standing in a warm room. ‘The mixed melting point must there- 
fore be left until a later occasion with fresh material. 

The above dilute hydrochloric acid solution containing the basic 
products of the reaction was treated with an excess of sodium 
~ hydroxide solution and the mixture was extracted with ether. 
After evaporation of the ether 9 mg. of oil remained. It was 
placed in the microstill under a pressure of 0.2 mm. and the oil 


12 Oddo, B.,and Alberti, C., Gazz. chim. ital., 63, 236 (1933), abstracted in 
Chem. Zentr., 2, 1678 (1933). Arbusow, A. J., and Rotarnel, W. A., Chem. 
Zentr., 1, 2935 (1933). 
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bath temperature was gradually raised to 170°. Most of the 
material appeared to go over at about 145-150°. 8.3 mg. of 
colorless oil were collected, which entirely solidified on standing. 
Upon recrystallization from petroleum ether it melted at 68°. 
It was further characterized as the picrate which crystallized 
from benzene in yellowish green rosettes which decomposed at 
195-200°. 
(,7HyOrN,. Calculated. C 52.84, H 3.65, N 14.50 


Found. (a) ‘ 53.17, ‘ 3.49, “ 14.65 
(b) 53.30, 3.55 


The original caustic solution from the fusion which was set 
aside after extraction with ether was acidified to Congo red with 
sulfuric acid. It was extracted with ether and the ether ex- 
tract was slowly concentrated, the ether distillate being care- 
fully condensed. The last small drop of volatile material which 
would distil on raising the temperature up to 80° was removed 
along with the remaining ether and condensed on a_ micro- 
condenser to be described in another communication. This 
volatile material which strongly suggested propionic acid was 
added to the ether distillate. The undistilled residue was set 
aside for treatment as described below. The ether distillate was 
treated with water and was carefully titrated with 0.1 N sodium 
hydroxide against phenolphthalein. 5.42 cc. were required. The 
titrated solution was evaporated to dryness and then treated with 
2 cc. of 60 per cent alcohol. 120 mg. of p-bromophenacyl bro- 
mide were then added and the mixture was refluxed for 1 hour. 
The hot solution was filtered from a slight amount of solid material 
and cooled. 15 mg. of crystalline material were filtered off. The 
mother liquor was set aside for further treatment. The crystal- 
line material melted at 53-54°. Upon recrystallization from 
dilute alcohol 4.5 mg. were obtained which melted at 58-59°, 
and thus agreed in melting point with that of p-bromophenacyl- 
propionic ester recorded by Judefind and Reid." 


C,H yOsBr. Caleulated, C 48.71, H 4.11; found, C 48.51, H 4.27 


'§ Judefind, W. L., and Reid, EF. F., 7. Am. Chem. Soc., 42, 1055 (1920). 
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The mother liquor from the crude ester was evaporated to dry- 
ness and the residue was extracted with ether. The ether ex- 
tract on evaporation left material which was dissolved in a small 
volume of ethyl alcohol. Upon cooling, a very small crystalline 
fraction separated, the melting point of which was unsatisfac- 
tory since it dragged from about 50° up to 105°. p-Bromophen- 
acyl acetate melts at 85°. The analysis of this suggested the 
acetic acid derivative, but, since the melting point obtained was 
so unsatisfactory, this result cannot be considered conclusive. 


CioH,O;Br. Calculated, C 46.68, H 3.56; found, C 46.34, H 3.45 


The undistilled residue from the above volatile crude acid frac- 
tion was taken up in dilute sodium hydroxide and the mixture was 
extracted with ether. The ether extract contained a small 
amount of material with a fecal odor but was not studied further. 
The alkaline layer was made acid to Congo red with hydrochloric 
acid and then extracted with ether. The extract was washed 
with water and evaporated to dryness in the sublimation ap- 
paratus. A residue of 40 mg. remained. It was sublimed up to 
a bath temperature of 220° and under 0.2 mm. pressure. 26 mg. 
of partially crystalline material sublimed. Since some indole 
acids are known to decarboxylate readily, the sublimate was 
again separated into acid and basic fractions. For this purpose 
it was taken up in dilute sodium hydroxide and extracted with 
ether. The alkaline layer was set aside to be treated further. 
The ether extract upon evaporation gave 2 mg. of material. It 
was treated with an equivalent of picric acid in benzene. Dark 
red crystals separated which melted at 165-170° but could not 
be further characterized because of lack of material. 

The remaining sodium hydroxide solution containing any indole 
acid was acidified with hydrochloric acid and the acid which 
separated was extracted with ether. The ether, after being 
washed with water, was dried with sodium sulfate and evaporated 
to dryness. The residue gave about 1 mg. of crystalline material 
upon concentrating the acetone solution to about 2 drops. This 
acid melted at 270°. The amount was too small for analysis. 
More crystalline material could not be obtained from the mother 
liquor. When, however, the oily mother liquor residue was sub- 
limed in the sublimation apparatus, more of the indole which 
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gave a picrate melting at 165-170° described above could be ob- 
tained. This suggests decarboxylation. 

Identification of Methylamine—The trap from the alkali fusion 
which contained the hydrochloric acid was washed out with water 
and filtered from a small amount of solid material. It was evap- 
orated to dryness in vacuo on the steam bath. 90 mg. of crystal- 
line hygroscopic material remained. The theoretical weight of 
methylamine hydrochloride for 1 equivalent is 93 mg. It was 
taken up in dilute sodium hydroxide solution which was covered 
by a layer of ether. The ether extract which smelled strongly of 
methylamine was treated with an ethereal solution of picric acid. 
Crystals separated which melted at 206—-207° as reported in the 
literature for the methylamine salt. It was recrystallized from 
alcohol for analysis. 


C7H,O7N,. Calculated, C 32.31, H 3.11; found, C 32.65, H 3.07 


Methylation of a-Dihydrolysergol—40 mg. of a-dihydrolysergol? 
were dissolved in 10 cc. of methyl alcohol and 2 ce. of methyl 
iodide were added. After standing overnight at 30°, the solution 
was concentrated. The residue was dissolved in methyl] alcohol 
and the filtrate was concentrated to small volume and cooled. 
Crystalline material separated in broad plates. It was collected 
with methyl alcohol and was recrystallized from this solvent. 
It melted at 237°. 


C,7H2,ON2T. Calculated, C 51.24, H 5.84; found, C 50.59, H 5.82 
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CHOLESTEROL ESTERASE IN BLOOD* 


By WARREN M. SPERRY 


(From the Chemical Laboratory, Babies Hospital, and the Department of 
Biological Chemistry, College of Physicians and Surgeons, Columbia 
University, New York) 


(Received for publication, July 1, 1935) 


A thorough knowledge of the distribution and activity of cho- 
lesterol esterase should be of considerable value in interpreting 
certain little understood phases of cholesterol metabolism, such 
as, for example, the relatively constant proportion of combined 
and free cholesterol in the blood serum of normal individuals, 
which has been observed by most investigators,! and the spec- 
ificity of sterol absorption. Chiefly because of the finding that 
a large part of ingested free cholesterol could be recovered in the 
thoracic chyle as cholesterol esters (1) and that free cholesterol 
was esterified on incubation with pancreas in the presence of fat 
(2), Mueller suggested that esterification of free cholesterol with 
fatty acids in the lumen of the intestine might be of fundamental 
importance in the absorption of cholesterol. It is possible that 
a specific cholesterol esterase is responsible for the high selectivity 
of sterol absorption, discovered by Schoenheimer (3, 4), whose 
experiments demonstrated that, while cholesterol is readily ab- 
sorbed, other sterols are not absorbed except in traces. The 
presence of such a highly specific cholesterol esterase in subcu- 
taneous tissue is indicated by experiments of Schoenheimer and 
Yuasa (5), who showed that cholesterol, placed under the skin, 
is esterified, while other non-absorbable sterols remain unchanged. 


* This investigation was made possible by the support of the Josiah 
Macy, Jr., Foundation. 

A preliminary report of this investigation was presented before the 
American Society of Biological Chemists at Detroit, April 12, 1935. 

‘In 118 analyses of serum from 87 healthy, adult individuals we have 
found a minimum ratio of combined to free cholesterol of 2.31 and a maxi- 
mum ratio of 3.12, which is to say that the proportion of combined choles- 
terol in total cholesterol varied from approximately 70 to 75 per cent only. 
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In the course of a general study of the properties of cholesterol 
esterase some samples of blood serum were incubated as a control. 
There was a large increase in the proportion of combined to free 
cholesterol, indicating an esterification of free cholesterol. This 
finding was entirely unexpected, since previous investigators, 
who incubated whole blood, reported either hydrolysis of cho- 
lesterol esters or no significant change in the proportion of com- 
bined and free cholesterol (6-10). Cytronberg (8) and Beumer 
(11) each described a single experiment in which serum was incu- 
bated alone; in neither instance were the values for free or com- 
bined cholesterol changed during incubation. 

The observation of an esterification or free cholesterol on in- 
cubation of blood serum has been confirmed in a series of experi- 
ments, which are described in the present communication. 


EXPERIMENTAL 


In preliminary experiments twenty-eight samples of blood 
serum were incubated for 3 days at 37-40° in small stoppered 
test-tubes with thymol as a preservative. In all cases there was 
an increase in the proportion of combined to free cholesterol. 
In some instances there was a fairly large apparent increase in 
the amount of total cholesterol, which was thought to be due to 
concentration of the serum during incubation. (Much water 
condensed on the walls of the tubes; it was impossible to mix 
this into the serum quantitatively without contact with the rub- 
ber stoppers. ) 

The following procedure was devised to avoid changes in vol- 
ume, contamination from rubber stoppers, or possible influence 
of a preservative. Small incubation cells were made by blowing 
bulbs of about 1 cc. capacity at the end of short lengths of 8 mm. 
glass tubing. At a point about 1.5 cm. above the bulb the tubes 
were drawn out to a diameter of about 2 mm. and cut at the 
middle of the constriction. Small plugs of cotton were inserted 
and the cells were sterilized. Sufficient sterile serum for analysis 
(usually 0.4 cc.) was transferred to the cells with sterile capillary 
pipettes, constricted about 1 cm. below the upper end, so as to 
retain a cotton plug. Serum was drawn up into the pipettes 
with a small rubber bulb. The tips of the cells were sealed off 
immediately after introduction of the samples and the cells were 
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placed in an incubator at 37-40°, in most cases for 3 days. The 
contents were thoroughly mixed before opening. All transfers 
were made with sterile technique and each sample was cultured 
immediately upon opening the cell at the end of incubation to 
confirm the absence of contamination. The concentration of 
total and free cholesterol was determined before and after incu- 
bation by the method of Schoenheimer and Sperry (12); combined 
cholesterol was calculated by difference. 

Thirty samples of serum from twenty-two healthy, young, 
adult, human subjects were incubated according to this technique. 
In most cases the determinations of total cholesterol before and 


TABLE I[ 


Representative Experiments Showing Esterification of Cholesterol in 
Incubated Serum 


| Total Free Combined free 

St —_ Before ineubation 216.3 59.7 156.6 2.62 
After “ 216.0 | 25.4 | 1906 | 7.50 | 57.5 

Re Before = 147.3 36.6 110.7 3.02 
After os 151.8 8.9 142.9 | 16.06 75.7 

Sp Before ” 201.5 | 55.4 146.1 2.64 
After 199.5 21.8 177.7 8.15 60.6 

Fo Before 266.8 70.3 196.5 2 80 
After ” 260 .0 40.0 220.0 5.50 43.1 


after incubation agreed within the limit of error of the procedure. 
In a few the differences were slightly greater, but they varied 
equally in each direction. 

In all instances there was a marked decrease in the amount of 
free cholesterol, so that, since there was no significant change 
in total cholesterol, there was an equivalent increase in combined 
cholesterol. In other words an esterification occurred. A few 
representative experiments are presented in detail in Table I. 
The magnitude of the change is shown best by the increase in 
ratio of combined to free cholesterol and by the percentage es- 
terification (percentage decrease in free cholesterol). In the 
thirty experiments, the ratio of combined to free cholesterol before 
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incubation varied from 2.35 to 3.03.2. After incubation there 
was, in all cases, a marked, though highly variable, increase in 
the ratio (minimum 3.95, maximum 24.91). The percentage 
esterification varied from 29.3 to 84.2; average 57 per cent with 
a standard deviation of +11.94 per cent. 

Little or no esterification of free cholesterol occurred in serum 
which had been heated for 1 to 2 hours at 55-60°. In eight 
experiments with the serum from three individuals it was found 
that while 43 to 53 per cent of esterification occurred in un- 
heated serum, this esterification was reduced to about 5 to 0 per 


TABLE II 
Effect of Addition of HCl (0.05 Cc.) to Heparinized Plasma (1.0 Ce.) 
| Before ineubation | After incubation 
| pH pH 
e 
cholesterol cholesterol 
Pa | Control (saline) | 8.14 | 2.71 8.06 541 421 
0.3 | 7.36 2.86 | 7.43 5.14 37.2 
0.4 —«§ 48 2.66 | 6.75 3.56 19.8 
0.5 5.97 2.71 6.13 3.02 | he 
0.7 5.10 2.73 5.21 2.84 3.0 
St Control (saline) 7.96 2.70 8.24 4.54 33.2 
0.3 | 7.34 2.65 7.70 4.32 31.4 
0.4 6.75 2.78 | 3.77 20.8 
0.5 «6 30 6.55 | 2.96 0 
| 0.7 5.60 | 2.75 | 5.74 | 2.67 | 


cent after heating the serum for 1 to 2 hours at 55-60°. This 
finding establishes the enzymatic nature of the process beyond 
any reasonable doubt. 

Some preliminary experiments were carried out on the effect 
of changes in hydrogen ion concentration. Hydrochloric acid 
of varying normality was added to heparinized plasma (0.05 cc. 

2 The actual variation may have been even smaller than the results 
indicate, since, in the calculation of the ratio, the error of total cholesterol 
determination enters once and the error of free cholesterol determination 
enters twice. The probable error of the ratio is, therefore, relatively high. 
See also foot-note 1. 
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of HCI to 1.0 ce. of plasma) before incubation. Normal saline 
was added to controls in the same proportion. The pH values, 
determined with the glass electrode apparatus of Rosebury (13), 
showed little change during incubation (Table II). The degree 
of esterification decreased rapidly with increasing acidity; un- 
fortunately, the results are open to some question as some gelati- 
nous clotting occurred in the samples to which 0.3, 0.4, and 0.5 ‘ 
HC! had been added and there was considerable precipitation of 
protein in the 0.7 N samples.’ 


TABLE III 
Effect of Addition of Naz,CO; (0.05 Ce.) to Serum (1.0 Ce.) 


| Before incubation After incubation 
subiect | Carbonate —- Esterifi- 
added | Ratio, com- Ratio, com-| cation 
pH | bined: free pH bined: free 
| cholesterol cholesterol | 
percent | | —per cent 
Bo | Control | 7.97 | 2.71 | 8.34 6.58 51.0 
| | | 5.30 43.2 
4.0 9.09 | 2.72 | 9.10 3.74 21.7 
Ke | Control | 8.06 | 2.80 | 8.20 7.24 53.9 
1.0 8.55 | 2.86 | 8.54 5.37 | 20.5 
2.0 8.82 | om | | 
4.0 9.15 2.86 9 O06 3.64 | 16.8 


In another series of experiments samples of serum were incu- 
bated in: sterile, stoppered test-tubes after equilibration with 
mixtures of CO, and air varying from 5 to 100 per cent COs. 
There was a gradual decrease in the degree of esterification as 
the pereentage of CO. was increased. The results are not re- 
ported in detail, since it was not possible to determine the pH 
under the conditions of the experiments. In one experiment the 
percentage esterification was 60 in serum equilibrated with 5 per 
cent COs and 37 in the same serum equilibrated with CO, alone. 

Raising the pH by adding varying concentrations of sodium 
carbonate to serum (0.05 ec. of NaeCO; solution to 1 ec. of se- 
rum) caused a marked decrease in the degree of esterification 
(Table IIT). 


*’ Kopaczewski (14) recently discussed gel formation in serum in the 
presence of acid. 
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The cholesterol esterase of blood serum appears to exert its 
maximum activity at about pH 8. 

Hemolyzed red blood cells, which contain only free cholesterol, 
were incubated with essentially the same technique as was em- 
ployed in the case of serum. Cells from heparinized blood, 
hemolyzed by alternate freezing and thawing, were incubated 
alone or after dilution with normal saline or distilled water. In 
no instance did any esterification occur; only free cholesterol was 


TABLE IV 


Incubation of Hemolyzed Cells 


j 
Serum or plasma Hemolyzed cells 


Subject | Ratio, combine |: | 
free cholesterol 


Ratio, combined: Notes 


Esterifi- | free cholesterol 


cation | 
Before After Before | After 
per cent | 
We* | 2.51 400 298 002 0 — Incubated 3 days 
286 407 240 O04 001 
Pa 2.76 | 7.42 55.0 | 0 0.05 Cells incubated 2 wks. 
St 2.66 5.50 | 41.2 0.08 0.03 | 
Pa | 2.76 | 7.42 55.0 | 0.03) O | Diluted 1:1 with saline, in- 
| cubated 2 wks. 
St 2.66 5.50 41.2 | 0.02 | 
Go 3.09 | 7.94 | 54.8 | 0 0 | Serum and cells diluted 1:5 
with saline 
He 3.13 | 7.20 | 49.7 | 0.03 | 0.04 se ” 
Br* 2.55 | 4.66 | 37.3 | 0.07 | 0.04 Plasma and cells diluted 
| | ms 1:5 with H.O 
Me* | 2.28 | 4.03 | 34.7/ 0 | 0 


* Heparinized plasma. 


present after as before incubation (Table IV). 


Control experi- 


ments on serum showed that freezing and thawing had no effect 
on the degree of esterification. Serum and heparinized plasma 
from the same samples of blood showed the usual esterification. 
These results indicate either that no cholesterol esterase is present 
in red blood cells or that, if present, it is inhibited in some manner. 

In the cases where cells, serum, or plasma were diluted 1:5 it 
was necessary to modify the analytical procedure slightly. Al- 
cohol-ether extracts were made according to the Bloor technique. 
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Suitable aliquots were pipetted into 15 ce. centrifuge tubes and 
taken to dryness in a water bath in a current of CO... The residue 
was dissolved in the proper amount of absolute alcohol-acetone 
(1:1) and the analysis was continued according to the procedure 
of Schoenheimer and Sperry. 

The data presented in Table IV show, incidentally, that marked 
esterification occurs in serum diluted 1:5 and in heparinized 
plasma, with or without dilution. (See also Table II.) Other 
results indicate that the degree of esterification may be slightly 
less in heparinized plasma than in serum from the same sample 
of blood. 


TABLE V 
Incubation of Hemolyzed Whole Blood 


Serum Hemolyzed blood 


Subject | ‘Ratio, combined: free Ratio, combined: free 
| cholesterol Esterifi- cholesterol  Esterifi- 
| Before |; After | | Before | After | 
pag | per cent | | | per cent 
Pf 2.81 5.41 | 
Sp 2.64 8.15 60.3 2.21 | 2.54 | 9.2 
Wo 2.44 5.51 47.2 =0.85 | O98 | 6.9 
Ni 2.41 9.78 68.5 | 064 ; O83 | 104 
Mo 2.53 7.88 | 60.4 | 1.04 | 1.22 | 85 
| 58.1 | | 9.9 


Some attempts were made to increase the amount of free cho- 
lesterol substrate by incubating various emulsions of free cho- 
lesterol with serum. These experiments all met with failure; not 
only did no increase in ester formation take place, but the free 
cholesterol of serum itself did not react. Probably the enzyme 
was carried down with the sediment which formed to a greater 
or less degree in all cases during incubation. 

A substrate containing a higher proportion of free cholesterol 
was prepared by hemolyzing defibrinated whole blood by alternate 
freezing and thawing. The defibrination procedure was found 
to have no effect on the degree of esterification when applied to 
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serum. The results (Table V) show only a small amount of 
esterification in hemolyzed blood as compared with the usual 
marked esterification in serum from other portions of the same 
blood samples. Not only was there no increase in the degree of 
esterification, but the usual esterification of the free cholesterol 
of the serum appeared to have been inhibited to some extent. 
This indication was strengthened by the result of the experiment 
on subject Sp (in which defibrination was not complete, as evi- 
denced by considerable clotting). Despite a large proportion of 
serum in the hemolyzed blood, as shown by the high ratio of 
combined to free cholesterol, very little esterification took place. 

Mixtures of serum or plasma and hemolyzed red blood cells in 
varying proportion were incubated. The error in such experi- 
ments is large because of the difficulty in pipetting the viscous 
hemolyzed cells. The results, which for this reason are not pre- 
sented in detail, agreed roughly with the hypothesis that in such 
mixtures the free cholesterol of the serum esterifies at about the 
same rate as when serum alone is incubated, while the free cho- 
lesterol of the cells does not react at all. On the basis of these 
experiments the tentative conclusion was drawn that there is 
some factor present in red blood cells which inhibits the esterify- 
ing action of cholesterol esterase. 


DISCUSSION 


The foregoing experiments demonstrate conclusively (1) that 
an active cholesterol esterase is present in blood serum, (2) that 
combined and free cholesterol are not in equilibrium in isolated 
serum, and (3) that the hypothetical point of equilibrium is in 
the direction of an increased proportion of combined to free cho- 
lesterol. 

The presence of cholesterol esterase in serum is not particularly 
surprising since the evidence of other investigators indicates 
that this enzyme is widely distributed in the animal organism. 
It has not been found previously in serum (8, 11). Schultz (7) 
incubated mixtures of serum or plasma and minced liver; there 
was no change in the cholesterol fractions although a marked 
splitting of cholesterol esters occurred when minced liver was 
incubated with whole blood. The observation that cholesterol 
ester disappeared completely from the blood serum after death 
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led Shope (15) to suspect ‘‘the presence in animal tissues of some 
very active cholesterol ester-splitting substance,” though appar- 
ently he did not consider the possibility that the enzyme was 
present in the serum itself. He incubated blood serum with 
cholesterol-free, saline extracts of a number of different tissues 
and, in all cases, found a more or less marked hydrolysis of cho- 
lesterol esters. Serum was not incubated alone. 

I*sterases are considered to act simply as catalysts, accelerating 
the rate of a reaction, but having no influence on its direction. 
Mueller (2) and Nomura (16) observed an esterification of free 
cholesterol on incubation with pancreas and pancreas extracts 
in the presence of excess of fat. Their results are in apparent 
disagreement with those of other investigators (6-9, 15, 17), in- 
cluding Nomura himself (18), who found that cholesterol esters 
were hydrolyzed when incubated with various tissues, including 
pancreas, tissue extracts, and body fluids. The discrepancy is 
perhaps explainable by assuming that the equilibrium point of 
the reaction, cholesterol + fatty acid — cholesterol ester + H.O, 
may have been changed by increasing the fatty acid component 
of the equation. On the basis of the foregoing theory of esterase 
action, it follows from our results that free and combined cho- 
lesterol are not in equilibrium in isolated serum—a finding which 
is of considerable interest in view of the constancy of the ratio 
of combined to free cholesterol in circulating serum of normal 
individuals. In our experience the ratio in normal adult individ- 
uals has varied little beyond the error of measurement, despite a 
variation in total cholesterol content from approximately 130 to 
350 mg. per 100 ec. of serum.! Evidently the proportion of com- 
bined to free cholesterol in circulating serum is regulated by some 
mechanism outside the serum itself. 

The finding of an esterification of free cholesterol on incubation 
of serum was surprising, since under the conditions of most previ- 
ous studies hydrolysis of cholesterol esters occurred when various 
tissues and body fluids were incubated. An effect such as we 
have observed would not be anticipated from the results of pre- 
vious studies on whole blood. Kondo (6), who was the first to 
study cholesterol esterase, concluded that it was absent from 
whole blood. As a matter of fact his results indicated a decrease 
in free cholesterol (esterification) when blood was incubated, but 
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the method used (determination of acetyl number of the un- 
saponifiable fraction) is open to serious question, as Kondo recog- 
nized. Later Schultz (7), in the same laboratory, using the 
Windaus digitonin procedure, found no change in the cholesterol 
fractions on incubation of whole blood, but Cytronberg (8), also 
in the same laboratory, reported a marked hydrolysis of cho- 
lesterol esters under the same conditions. Mueller (10) ques- 
tioned Cytronberg’s analytical data, since they showed only 30 
per cent of the total cholesterol of whole blood to be free. He 
was unable to confirm Cytronberg’s results; no evidence of hy- 
drolysis of cholesterol esters during incubation of whole blood 
was obtained. Indeed in five out of seven experiments an in- 
crease in the proportion of combined to free cholesterol occurred, 
but Mueller did not comment on the point, and probably ascribed 
the apparent esterification to experimental error. Thannhauser 
(9) incubated nineteen samples of whole blood from normal and 
diseased human subjects; in fifteen instances there was no change 
in free cholesterol, while in four a small increase occurred. How- 
ever, in three experiments Thannhauser incubated a solution of 
cholesterol palmitate in triolein with whole blood and observed 
increases in free cholesterol of 18, 6, and 3 per cent, on the basis 
of which he concluded that a cholesterol ester-splitting enzyme 
is present in blood. Incidentally, it may be pointed out that our 
own experiments with whole blood, in which some esterification 
occurred, are not strictly comparable with those previously re- 
ported, since we worked with hemolyzed blood. In all of the 
experiments described, except those of Thannhauser, blood from 
various animals was used. 

The tendency toward formation of cholesterol esters in serum 
may be related to the deposition of cholesterol esters in tissues, 
which occurs under various conditions, but it appears paradoxical 
that increases in the ratio of combined to free cholesterol, such as 
we have found in vitro, are seen only rarely in circulating serum. 
In several hundred analyses of serum from individuals with 
various pathological conditions, increases in ratio above the 
normal range were observed in a negligible number, the maximum 
being 4.0. (The normal range in our experience is 2.3 to 3.2.!) 
On the other hand, in a large proportion, the ratio was below 
normal, especially in patients with acute infections and _ liver 


disease, 


‘ 
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Since there are no free fatty acids in blood serum, there must 
have been a simultaneous hydrolysis of some fatty acid-contain- 
ing compounds, such as phosphatides, to furnish the fatty acid 
required for esterification. As far as we are aware, such a shift 
in fatty acids has not been observed previously in vitro. It will 
be a difficult matter to ascertain the source of the fatty acids, 
since, although the proportion of free cholesterol esterified is 
large, the absolute amount is small. On the average only about 
20 mg. of fatty acids per 100 cc. of serum combined with cho- 
lesterol in our experiments. It is possible that the ‘‘inhibitory 
factor,’ which apparently prevents the esterification of the free 
cholesterol of red blood cells, is simply the lack of a proper fatty 
acid substrate. 

It is difficult to correlate our results with those of Shope (15), 
who found that cholesterol esters of blood serum were hydrolyzed 
when serum was incubated with cholesterol-free extracts of tissues. 
Since no cholesterol was added to the system, the reaction should 
have proceeded in the same direction in Shope’s and our own 
experiments. Dilution of serum with saline tissue extracts can- 
not account for the discrepancy, since dilution of serum or plasma 
with 4 parts of saline has little effect on the degree of esterifica- 
tion (Table IV). It is possible, though not probable, that cow 
serum, used by Shope, reacts in a different manner from human 
serum. 


SUMMARY 


When sterile blood serum or heparinized plasma from normal, 
human subjects was incubated, a marked esterification of free 
cholesterol occurred. This effect was abolished by heating the 
serum to 55-60°; it is therefore due to an enzyme, which appears 
to exert its maximum activity at about pH 8. 

There must have been a simultaneous hydrolysis of some fatty 
acid-containing compounds to furnish the fatty acid required for 
the esterification of cholesterol. 

There was no esterification of the free cholesterol of red blood 
cells when they were hemolyzed and incubated under the same 
conditions. Little esterification occurred on incubating hemo- 
lyzed whole blood. 


‘It is highly unlikely, though not proved, that some acid, other than 
fatty acid, combined with cholesterol. 
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It, is coneluded that (1) an active cholesterol esterase is present 
in blood serum, (2) combined and free cholesterol are not in 
equilibrium in isolated serum, and (3) the hypothetical point of 
equilibrium lies in the direction of an increased proportion of 
combined to free cholesterol. 


Grateful acknowledgment is made to Dr. Rudolf Schoen- 
heimer for his helpful advice throughout this investigation. 


BIBLIOGRAPHY 


1. Mueller, J. H., J. Biol. Chem., 22, 1 (1915). 
2. Mueller, J. H., J. Biol. Chem., 27, 463 (1916). 
3. Schoenheimer, R., Z. physiol. Chem., 180, 1 (1929); Science, 74, 579 
(1931). 
4. von Behring, H., and Schoenheimer, R., Z. physiol. Chem., 192, 97 
(1930). 
5. Schoenheimer, R., and Yuasa, D., Z. physiol. Chem., 180, 19 (1929). 
6. Kondo, K., Biochem. Z., 26, 243 (1910); 27, 427, 436 (1910). 
7. Schultz, J. H., Biochem. Z., 42, 255 (1912). 
8. Cytronberg, 8., Biochem. Z., 46, 281 (1912). 
9. Thannhauser, 8. J., Deulsch. Arch. klin. Med., 141, 290 (1923). 
10. Mueller, J. H., J. Biol. Chem., 26, 561 (1916). 
11. Beumer, H., Arch. exp. Path. u. Pharmakol., 77, 375 (1914). 
12. Schoenheimer, R., and Sperry, W. M., J. Biol. Chem., 106, 745 (1934). 
13. Rosebury, F., to be published. 
14. Kopaczewski, W., Compt. rend. Acad., 200, 266 (1935). 
15. Shope, R. E., J. Biol. Chem., 80, 127 (1928). 
16. Nomura, T., Tohoku J. Exp. Med., 6, 323 (1924). 
17. Porter, A. E., Biochem. J., 10, 523 (1916). 
IS. Nomura, T., Tohoku J. Exp. Med., 4, 677 (1924). 


I 


t 


f 


INTERACTION OF AMINO ACIDS AND SALTS 
I. ZINC CHLORIDE* 


By NORMAN R. JOSEPH 


(From the Department of Physical Chemistry, Harvard Medical School, 
Boston) 


(Received for publication, July 5, 1935) 


The interaction of amino acids and strong electrolytes in solu- 
tion can be described in terms of the activity coefficients of the 
several components. In contrast to freezing point and solubility 
methods, potentiometric determinations of activities in such 
systems have the advantage of permitting the independent varia- 
tion of temperature and the concentration of each dissolved com- 
ponent. It will be the purpose of this and subsequent communi- 
cations to report for various systems the effects of amino acids 
on the activities of salts and to relate these effects to freezing point 
und solubility data. 


EXPERIMENTAL 
(‘ells studied have been of the type 
Ag!AgCl|MeCl amino 


In all essentials these are identical in design with cells described 
by Harned and Akerlof (4) for the determination of salt activities 
in two-component systems. ‘Their experimental procedure like- 
wise has been followed. All solutions have been prepared free of 
air and introduced into the cells under a vacuum. The electro- 
motive foree, EF, of such cells is determined by the relation 

vRT 


NF (1) 


* These studies are derived from a thesis submitted to Harvard Uni- 
versity in partial fulfilment of the requirements for the degree of Doctor 
of Philosophy. They were presented before the American Society of 
Biological Chemists in 1934 (7. Biol. Chem., 106, xliii (1934)). 
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where ¥; is the electrolyte activity coefficient of the mixed solution, 
and 73° is that of the isomolal salt solution, v is the number of gm. 
ions formed by the dissociation of a gm. molecule of electrolyte, 
while N is the number of gm. equivalents per gm. molecule. R, T, 
and F denote respectively the gas constant, the absolute tempera- 
ture, and the Faraday equivalent. 

Zinc chloride was prepared by the action of HCI on c.p. Merck’s 
zinc dust. 


TABLE 
E.M.F. at 25° of Cell 
Amino Acid(m,)| AgCl|Ag (Approzi- 
mately 0.6 Per Cent Amalgam) 
The molality of the salt, m3, was 0.01 throughout. 


E.M.F. | —Log y3/ys° 

| 

volt | 
Glycine 0.30 0.0086 0.097 
0.50 0.0139 0.157 
1.00 0.0273 0.308 
Alanine 0.20 0.0046 0.052 
0.50 0.0114 0.129 
1.00 .0221 0.249 
a-Aminobutyric 0.30 0.0043 0.049 
acid 0.60 0.0081 0.091 
dl-Valine 0.20 0.0026 0.029 
0.40 0.0052 | 0.059 
dl-Leucine 0.08 0.0010 | 0.011 


The amino acids were c.P. commercial products, recrystallized 
from water. 

Silver-silver chloride electrodes were prepared according to the 
directions of Noyes and Ellis (6). 

E.M.F. determinations against hydrogen electrodes in hydro- 
chlorie acid solution agreed to 0.1 millivolt with those of Noyes 
and Ellis on corresponding solutions. 

The results on mixtures of zine chloride and amino acids at two 
temperatures are recorded in Tables I and II. Each value repre- 
sents the mean of two to four individual readings. The fluctuations 
of any individual reading are of the order of 0.2 or 0.3 millivolt, 
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and duplicate determinations with different cells agree within 
these limits. 

Activity Coéfficients of Components—Amino acids of the glycine- 
leucine series decrease the activity coefficient of zinc chloride 
(Tables I and ITI). It follows from thermodynamics that zinc 


TABLE II 
E.M.F. at 1° of Cell 
Amino Acidim,|AgCl| Ag (Approxzi- 
mately 0.5 Per Cent Amalgam) 


volt 
Glycine 0.01 0.30 0.0081 0.099 
0.01 0.50 0.0135 0.166 
0.01 1.00 0.0262 0) .322 
0.05 0.50 0.0102 0.125 
0.05 1.00 0.0202 0). 248 
0.10 0.50 0.0084 0.103 
0.10 1.00 0.0164 0.201 
0.50 0.50 0.0054 0 .066 
0.50 1.00 0.0105 0.129 
Alanine 0.01 0.20 0.0044 0.054 
0.01 0.50 0.0108 0.133 
0.01 1.00 0.0212 0.260 
a-Aminobutyric acid 0.01 0.30 0.0038 0.047 
0.01 0.60 0.0074 0.091 
dl-Valine 0.01 0.20 0.0024 0.029 
0.01 0.40 0.0045 0.055 
0.05 0.40 0.0040 0.049 
0.10 0.40 0.0037 0.045 
0.50 0.20 0.0016 0 .020 
0.50 0.40 0.0028 0.034 
dl-Leucine 0.01 0.08 0.0010 0.012 


chloride must decrease the activity coefficients of these amino 


acids. 


Bjerrum (1) has shown that in any system the activity coefh- 


cients of all components must satisfy equations of the form 


6 In Vi 


6 Im yx 


ém, 


(2-x) 
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This equation follows from the definition-of activity coefficients 
and from the identities 


where F is the free energy, and Ff; and F, are the partial molal free 
energies of the components 7 and k. 
For the case in which the component 7 is a strong electrolyte 
dissociating into v ions, Equation 2-a becomes 
(2-b) 


where y; is the mean activity coefficient of the ions. 
For the case of three-component systems of the type studied in 
this paper, we may state this equation in the form 


log = 5ms (3) 
0 


Here yz denotes the activity coefficient of amino acid in the 
mixed solution, and y2° is that of the two-component isomolal 
amino acid solution. Accordingly, if the activity coefficient of the 
salt is a known function of m2 and ms, log y2/y2° can be evaluated. 

The data necessary for this integration have been obtained in 
the case of the glycine and valine systems at 1°. These data are 
represented by the empirical equations 


E = (0.0328 — 0.0693m;? + 0.0532m;) mz (glycine) (4-a) 
E = (0.013. — 0.017m; + 0.012m;) mz (valine) (4-b) 


Fig. 1 illustrates the agreement of these formule with the obser- 
vations. Substituting the values of the constants in Kquation 1, 
and evaluating the integral of Equation 3, one finds the relations 


—log 2/722 = 36.78 (0.0328m; — 0.0462m;? + 0.0266m;2) (glycine) (5-a) 
—log = 36.78 0.011m;! + 0.006m;?) (valine) (5-b) 


Table III contains values of these functions, as well as those of 
log y3/ys3" for the two systems at various concentrations. 
The effeet of zine chloride on the activity coefficient of each 


EMF. (VOLTS) 


6F; 
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Influence of Glycine and Valine 
on ZnCl, af 


Glycine Valine 

© Molal ZnCl, Molal ZnCl, 

© 05 05 « . 

2 4 & ve) 10 
Moles Amino Acid per 1000 Grams Water 
Fic. 1 
TABLE III 


Activity Coefficients of Amino Acids and ZnCl, at 1° 


amino acid, me: | electrolyte, m3 | — Log | —Log 

Glycine 0.5 | O08 0.161 | 0.011 
1.0 0.01 0.322 | 0.011 

0.5 0.1 0.101 0.077 

1.0 0.1 0.201 | 0.077 

0.5 0.5 0.065 0.246 

1.0 0.5 0.129 0.246 

Valine ().2 0.01 0.028 0.004 
0.4 0.01 0.055 0.004 

0.2 0.1 0.023 0.038 

0.4 | 0.1 | 0.045 0.038 

| 0.2 0.5 0.017 0.153 
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amino acid appears to vary relatively little with the concentration 
of the latter. This result depends on the linearity of the relation 
between E.M.F. and amino acid molality. The data indicate such 
small deviations from linearity as not to warrant the inclusion of 
non-linear terms in Equations 4-a and 4-b. 

Relation to Freezing Points—-Any interaction between dissolved 
substances must be manifested by the osmotic properties of their 
solution as well as by the activity coefficients of the substances. 
By application of the Gibbs-Duhem equation it is possible to relate 
the two types of effects. In three-component systems of the type 
under consideration 


55.51dF, = —mdaF, mdF, (6) 


where the subscript 1 refers to water, and 55.51 denotes the number 


of moles of water per kilo. 

Introducing the definitions of activity coefficients and the rela- 
tion between fF and the osmotic coefficient of the mixed solution, 
¢2,3, one finds after integration by parts 


(1 — (m2 + vm3) = — me In y2 — vm; In ¥3 + In yodme + | In y3 dms 
mz) 0(0) 


Denoting the osmotic coefficients of the isomolal two component 
systems as ¢g2 and ¢;, it follows that 


g2,3(M2 + vms) — — vyesms = M2 IN + In — In 
v2/72° dmz (8) 


On applying Equation 3 and introducing the ideal molal freezing 
point depression, 1.858°, this becomes 


6m 


(7) 


5] 5 
Az. 3 — Ag — A3 = 1.858 (vm; In (y3/¥3") Ms / v dm3 (9) 


where Ase,3, Ac, and A; are respectively the freezing point depressions 
of the mixture and the two-component systems. 

This expression can be evaluated if the E.M.F. is a known fune- 
tion of m. and m;. We ean accordingly calculate freezing point 
effects for the zine chloride-glycine system, and relate them to 
observed effects in comparable systems. | 
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Applying Equation 4-a, one finds 
— Az — As) = —(5.162ms — 10.906m;! + 8.373ms?)m: (10) 


The freezing point effect in mixtures of glycine and the alkaline 
earth salts observed by Pfeiffer (7) and by Pfeiffer and Angern (8) 
are compared in Table IV with the effect calculated from our E.M.F. 
measurements by Equation 10. 

The results justify the conclusion that the interaction of zine 
chloride and glycine determined electrometrically is characteristic 
of that observed by the freezing point method for salts of the same 
valence type. 

TaBLeE IV 
Estimation of Freezing Point Effect from Potentiometric Data 


—(A2,3 — As — 


Molality | Molality 
of electro- | of amino ZnCl: Observed 
lyte, ms acid, m2 (caleu- 


Ramee 
“tion 10) | SrCle (7) | SrBr2 (7) Sr(NOa)2 | CaCl: (8) | BaCl: (8) 


"C. °C. °C. °C. °C. 
0.0625 | 0.125 0.023 0.019 0.021 0.026 
0.125 0.25 0.072 0.073 0.078 0.098 
0.25 0.5 0.225 0.199 0.215 0.273 | 0.226 | 0.252 


The figures in parentheses represent bibliographic references. 


Relation to Solubility—The influence of neutral salts on the solu- 
bility of amino acids in aleohol-water mixtures has been studied by 
Cohn (2), who has found for many systems of high alcohol concen- 
tration that, as a first approximation, D/D» log N/No is a function 
only of (Do/D)I, where D represents the dielectric constant of the 
mixture, Do that of pure water, the summation =C;Z,?, where 
C; is the concentration of any ion expressed in moles per liter, and 
Z;is its valence. N and No are amino acid solubilities, expressed 
as mole fraction, respectively in the presence and absence of salt. 

Kirkwood (5) has developed a theory based on the electrostatic 
attraction between ions and zwitter ions in order to account for 
these relations. In solutions of high dielectric constant, where 
these electrostatic forces are diminished, these simple relations no 
longer obtain (2). The high solubility in water of many amino 
acids contributes to this complexity, as do non-electrostatic forces. 


‘ 
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Kquation 5-a enables us to estimate the effect of zinc chloride on 
glycine activity at low concentrations of glycine. Table V con- 
tains a comparison of this effect with that of CaCl, on glycine solu- 
bility in 90 per cent alcohol (unpublished data of Cohn, Me Meekin, 
and Weare). 

Since the behavior of zine chloride appears to be characteristic 
of salts of the same valence type (Table IV), it seems reasonable 
to assume that as a first approximation this calculation applies 
for many other such aqueous solutions. 


TABLE V 
Comparison between Effects in Water and 90 Per Cent Ethyl Alcohol Solutions 


w perl. | perkg. H20 | | 
0.01 0.0263 0.079 0.079 0.081 0.025 
0.025 0.0660 0.198 0.198 0.051 0.052 
0.05 | 0.1327 | 0.398 0.398 0.091 0.094 
0.075 0.1997 0.599 0.599 | O.119 | 0.129 
0.10 0.2667 0.800 0.800 0.160 0.162 


| 

* (D,/D)t/2 is proportional to Debye and Hiickel’s x? and in water is 
approximately equal to the ionic strength, yu, of Lewis, the latter quantity 
being defined in terms of moles per kilo of water. 

t Calculated according to Equation 5-a. 


DISCUSSION 


The foregoing comparison indicates that in the case of certain 
glycine-salt systems the properties of aqueous and alcoholic solu- 
tions can be related on the basis of the Debye-Hiickel theory of 
electrostatic forces and the assumption of the zwitter ionic struc- 
ture of amino acids. In media of low dielectric constant, as Cohn 
(2) has shown, the activity coefficient of a-amino acids of the 
glycine-leucine series depends, as a first approximation, only on the 
ionic strength, and is independent of the number of carbon atoms 
of the amino acid. In aqueous zine chloride systems the effect 
depends also on the latter factor, for the salting-in effect is about 
twice as great for glycine as for leucine and valine (Tables I and 
II). Failey’s (3) studies on the solubilities of thallous salts in 
aqueous amino acid solutions and Pfeiffer and Wiirgler’s (9) 
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determinations of amino acid solubilities in the presence of salts 
lead to similar results. 

The properties of aqueous systems, therefore, require for their 
description the consideration of forces other than electrostatic 
forces between ions and zwitter ions. This, it may be assumed, 
results from the fact that in media of high dielectric constant, such 
as water, these latter forces are of a relatively small order of 
magnitude, in which case salting-out effects can no longer be 
neglected. Further discussion of these relations will be deferred 
to a later communication relating to the interaction of amino 
acids with other salts. 


The author wishes to express his appreciation to Professor 
Edwin J. Cohn and to Professor George Scatchard for their interest 
in this work and for their helpful criticisms. 


SUMMARY 


1. The effect of amino acids on the activity coefficient of ZnCl. 
has been determined by means of cells without liquid Junction. 

2. The results have been employed for the calculation of the 
activity coefficients of glycine and valine in the presence of zinc 
chloride. 

3. A comparison has been made with corresponding effects in 
mixtures of glycine and alkaline earth salts, determined by freezing 
points. 

4. By means of the interionic force theory, the results have been 
compared with those of solubility studies in media of low dielectric 
constant. 

5. The results in aqueous systems are described by means of 
attractive forces between ions and zwitter ions and non-electro- 
static “‘salting-out”’ forces of opposite sign. 
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II. SODIUM CHLORIDE AND THALLOUS CHLORIDE* 
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Boston) 
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The interaction of neutral salts and a-amino acids in water 
depends both on the nature of the salt and on the length of the 
hydrocarbon chain of the amino acid (9, 10). The activity coeffi- 
cients of amino acids in media of low dielectric constant depend 
largely on electrostatic forces and only to a small extent on the 
specific properties of ions and zwitter ions (2, 7). In order to 
describe further the interaction in aqueous systems, the electro- 
metric method of studying salt activity in cells without liquid 
junction has been applied to systems containing amino acids in 
the presence of thallous chloride and sodium chloride, respectively. 

Thallous Chloride—Thallium amalgam was prepared by the 
electrolysis of a saturated solution of thallous sulfate, with a 
mercury cathode. The thallous chloride and amino acids were 
c.P. products, further purified by recrystallization from water. 

The experimental procedure was identical with that employed 
in the investigations with zinc amalgam electrodes (6). The 
observed E.M.F. values were constant within 0.2 or 0.3 millivolt, 
and duplicate determinations were reproducible within approxi- 
mately the same limits. There was no discernible drift in the 
readings. The results at two temperatures are recorded in 
Table I. 

Amino acids decrease the activity coefficient of thallous chloride. 
Four amino acids have been studied at 1°, the concentration of 


* These studies are derived from a thesis submitted to Harvard Uni- 
versity in partial fulfilment of the requirements for the degree of Doctor 
of Philosophy. They were presented before the American Society of Biv- 
logical Chemists in 1934 (J. Biol. Chem., 106, xliii (1934)). 
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salt being 0.005 m. The value of —log y3/y3° at 0.4 M amino acid 
decreases from approximately 0.06 for glycine to 0.03, 0.02, and 
0.01 for amino acids containing respectively two, three, and four 
CH, groups. 

The two salts, thallous chloride and zine chloride, can also be 
compared in their interaction with these amino acids. At any 


TABLE | 
E.M.F. of Cell 
Ag AgCUT Clim, HgT le Amino A cid AgClAg 
(Approximately 1 Per Cent Amalgam) 


| 
| volt 
Glycine at 25° 0.005 | 0.10 = 0.0013 0.011 
0.005 0.20 0.0025 0.021 
0.005 0.40 | 0.0048 0.041 
0.005 1.00 0.0128 0.108 
0.015 0.10 0.0010 0.009 
0.015 0.20 0.0020 0.017 
0.015 0.50 | 0.0055 0.047 
| 0015 | 1.00 0.0108 0.091 
| |- | 0.179 
Glycine at 1° 0.005 0.20 (0.00383 | (0.030 
000 040 0.0065 0.060 
0.00 060 | 0.0099 | 0.091 
0.00 100 | 06.0161 0.148 
0.005 040 0.00384 0.031 
1.00 0.0073 0.067 
a-Aminobutyric 000 | 040 | 0.002 | 0.023 
acid at 1° | 0.005 | 0.60 0.0086 0.033 
dl-Valine at 1° | 0.005 | 0.20 = 0.0005 | 0.005 
| 0.011 


0.005 


concentration, m2, —log ys/7ys" in dilute solutions of zine chloride 
has a value approximately 3 times as great as the corresponding 
value for thallous chloride. The difference can be largely attributed 
to the difference in valence type of the two salts, for in both cases 
the function (6 log y2/éu), where u is the ionic strength, is of the 
same order of magnitude. 

Somewhat similar results have been obtained by Failey (5), who 
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determined the solubility of thallous chloride in the presence of 
various amino acids. He has reported the value of —log y3/y3° at 
0.2 m glycine to be 0.032 at 25°, compared with our values, 0.021 
for 0.005 m TICI, and 0.017 for 0.015 mM TIC. Failey’s solubility 
determinations have been essentially confirmed by Straup-Cope 
and Cohn (15), but our value at 1°, 0.030, is in better agreement 
with Failey’s value than are our results at 25°. 

Sodium Chloride—The study by means of amalgam electrodes of 
solutions containing amino acids and sodium chloride involved the 
consideration of a source of experimental error not encountered 
with amalgams of less reactive metals. When sodium amalgam 
is brought into contact with a solution of glycine, there is an 
evolution of hydrogen, which is quite conspicuous at concentra- 
tions of glycine higher than about 0.2 mM. A similar effect is noted 
with all other amino acids that have been studied. 

Sir Humphrey Davy, the discoverer of sodium amalgam, 
observed that, in the presence of solutions of ammonium salts, 
sodium is displaced and an ammonium amalgam formed (4). 
Methyl ammonium salts (16) and trimethyl ammonium salts (11) 
have also a tendency to decompose sodium amalgam. That amino 
acids also decompose sodium amalgam suggests that the ionized 
amino groups of zwitter ions are responsible for the effect.' 

Electromotive force measurements in sodium chloride solutions 
containing glycine have been made at 1.4° and at 25°. At the 
lower temperature evolution of gas proceeds relatively slowly, and 
essentially reversible potentials are obtained even in dilute salt 
solutions, the errors becoming appreciable only at concentrations 
less than about 0.05 m. Even at the higher temperature the 


‘ lons of heavy metals, such as zine, thallium, or silver, in the presence 
of ammonium chloride prevent the formation of ammonium amalgam. In 
the presence of glycine they prevent the evolution of hydrogen. The cat- 
ions that form unreactive amalgams have a greater tendency than ammo- 
nium ions or ionized amino groups to displace sodium from its amalgam. 
lons of the alkali and alkaline earth metals do not have this effect, and the 
corresponding amalgams are unstable in the presence of amino acids or 
ammonium ions. 

The rate of decomposition of sodium amalgam is considerably diminished 
by the previous introduction of ammonium to the amalgam. The possi- 
bility of improving the electrometric methods for cations of alkali metals 
in this manner will be further investigated. 


* 
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E.M.F. values at salt concentrations higher than about 1 M approach 
the reversible values estimated from independent experimental 
results, while at concentrations lower than this irreversible poten- 
tials are obtained. The experimental error in a mixture of 0.01 M 
NaCl and 0.4 m glycine, which is of the order of 10 millivolts at 


TABLE II 
E.M.F. at 25° of Cell 
Amino Ag 
(Approximately 0.1 Per Cent Amalgam) 


volt 
Glycine 1.00 0.50 0.0007 0.006 
2.00 0.50 0.0005 0.004 
2.00 1.00 0.0013 0.011 
3.00 0.50 0.0005 0.004 
3.00 1.00 0.0011 0.009 
4.00 0.50 0.0005 0.005 
4.00 1.00 0.0010 0.009 
Alanine 1.00 0.50 0 .0007 0.006 
1.00 1.00 0.0011 0.009 
2.00 1.00 0.0012 0.010 
4.00 0.25 0.0004 0.003 
4.00 0.50 0.0006 0.005 
4.00 1.00 0.0011 0.009 
a-Aminobutyric acid 1.00 0.50 0.0012 0.010 
1.00 1.00 0.0023 0.020 
4.00 0.50 0.0011 0.009 
4.00 1.00 0.0021 0.018 
dl-Valine 1.00 0.10 0.0005 0.004 
1.00 0.20 0.0012 0.010 
2.00 0.20 0.0013 0.011 
dl-Leucine 0.50 0.0694 0.0006 0.005 
1.00 0.0585 0.0004 0.003 
2.02 0.0460 0.0004 0.003 


25°, becomes about 1 millivolt at 1.4°. The approach to reversible 
values at low temperatures can probably be attributed to a decrease 
in the rate of decomposition of sodium amalgam. The approach 
to reversible values at high salt concentrations can be explained 
on the assumption that any increase in sodium ion concentration 


—, 
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at the amalgam electrode is small in comparison with the molality 
of sodium ions in concentrated solutions.? 

The results at 25° with concentrated solutions of sodium chloride 
are given in Table II. They indicate a salting-out effect, maximal 
for leucine and valine, and minimal for glycine and alanine. This 
result agrees with those of Pfeiffer and Wiirgler (10), who have 
found that the aqueous solubility of leucine is diminished in the 
presence Of NaCl, and also with those of Cohn, McMeekin, and 
Weare (3), who have found a corresponding effect in solutions of 
a-aminobutyric acid. 

In estimating the activity coefficients of amino acids from their 
effects on the activity coefficients of salts, we have previously 
employed a relation derived by Bjerrum (1). 


log v2 _ log v3 (1) 


By means of this relation, salting-out effects can be quantita- 
tively described and compared with those determined by the 
solubility method. The results plotted in Fig. 1 demonstrate 
that log y3/ys° at high salt concentrations increases linearly with 
m, and that the proportionality factor is independent of m3. 
According to Equation 1 these results indicate that as a first 
approximation, and within the range of the concentrations studied, 
log y2/y2° increases linearly with m3 and that the proportionality 
factor is independent of mz. 

The slopes of the straight lines in Fig. 1 yield the values of the 
salting-out coefficient (6 log y2/ém3) estimated from E.M.F. measure- 
ments and permit their comparison with values derived from solu- 
bility determinations. Table III is a comparison of these values. 
The agreement of the two methods is quite satisfactory. 

While the results at high temperature and salt concentration 
indicate that the salting-out effect predominates, the E.m.F. deter- 


? No significant improvement in the irreversible readings was obtained 
by working with amalgams more dilute than 0.1 per cent. Any advantage 
gained by diminishing in this way the rate of decomposition is offset by the 
introduction of another error. The latter apparently results from the 
fact that any change in the composition of the electrode itself due to the 
displacement of sodium is more serious in dilute than in concentrated 
amalgams. 
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minations in dilute sodium chloride-glycine systems at 1.4° indicate 
that the activity coefficients are decreased, an effect corresponding 


TABLE III 
Values of (6 Log y2/6m;3) at High Salt Concentration 
Calculated from 
| E.M-F. Solubility 
measurements | measurements 
a-Aminobutyric acid............... 0.035 | 0.04 (3) 


The figures in parentheses represent bibliographic references. 


TABLE 
E.M.F. at 1.4° + 0.2° 
Glycine (m)|AgCl\ Ag 
(A pprozimately 0.1 Per Cent Amalgam) 


| (calculated | —Log 
ments (14) ) ments) 
rolt volt 
a 0.0013 0.0012 0.011 
| 0.20 0.002 0.0023 | 0.021 
| 0.30 0.0036 0.0031 0.029 
| 0.40 0.0047 | 0.0040 0.037 
0.02 | 0.10 0.0012 0.0010 0.009 
| 0.20 0.0023 | 0.0022 0.020 
| 0.40 0.0044 0.0039 0.036 
0.05 | 0.10 0.0011 0.0009 0.008 
| 0.20 0.0021 0.0020 0.018 
0.40 0.0039 0.0036 0.038 
0.10 | 0.10 0.0009 0.0009 0.008 
0.0018 0.0017 0.016 
| 0.40 0.0034 0.0032 0.029 


to an increase of solubility. These results are thus in conformity 
with those obtained in dilute solutions of zinc and thallous chloride. 
At 1.4° the initial readings were somewhat less reproducible 
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than those in thallous chloride solutions. There was a tendency 
of the E.m.F. to decrease by several tenths of a millivolt when the 
flow of amalgam was interrupted. Each value in Table IV repre- 
sents the mean of two to four reproducible initial readings. 

These observations are compared in Table IV with E.M.F. values 
calculated from the very accurate freezing point determinations of 


0,004 
EX 
* 
Concentration Observed by EME Calculated from Freezing 
of Salt Measurements Points of Scatchard 
0.01 O A 
0.02 © 
0.05 
0.10 4 
0 02 0.4 
Moles of Glycine per 1000 §ms Water 


I'ic. 2. Influence of glycine upon dilute NaCl at 1.4° 


Seatehard and Prentiss (14). Their results for the activity coeff- 
cient of sodium chloride can be expressed in the relation 


—log y3/y3° = 1/2.303 (0.32633 — 0.558883? + 0.57278m; — 0.30496ms4) ms 
— (0.07445 — 0.10539mms5!) m2? (2) 


The caleulated E.M.F. values of the third column of Table IV are 
obtained from this relation by means of the expression, h = 
— 0.1089 log y3/73°, the factor 0.1089 representing the value of the 
ratio (VRT'/2.303NF) at 1.4°. 
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As Fig. 2 illustrates, the results of the two methods are in good 
agreement, particularly at the higher salt concentrations. The 
decrease in the activity coefficient of sodium chloride in the 
presence of glycine becomes less pronounced as the salt concentra- 
tion is increased, illustrating again the tendency of the salting-out 
effect to become predominant at higher salt concentrations. 


TABLE V 
Values of (—6 Log y2/5u) in Dilute Solution 


Molality a-Amino- 
oO Leucine Valine butyric | Alanine | Glycine 
electrolyte acid 
0.005 0.06 | 0.11 | 0.15 
0.01 0.04* 0.30|| 
0.14 0.14 0.15 0.25 | 0.32 
ZnCl, 0.14 0.14 0.15 0.26 0.33 


Figures in bold-faced type refer to a temperature of 0° + 0.2°; other 
figures to a temperature of 25°. 

* Amino acid solubility, Pfeiffer and Wiirgler (10). 

+t E.M.F. measurements. 

t Freezing point measurements, Scatchard and Prentiss (14). 

§ Failey’s (5) value from TICI solubility is 0.32 for saturated TICI at 25°; 
this agrees with unpublished results of Straup-Cope and Cohn (15). 

|| The value 0.30 is estimated from freezing points of Pfeiffer and Angern 
(9) by comparison with freezing point effects calculated for zinc chloride 
(6). Itis significant only to about +0.05, and characterizes not only CaCl., 
but also many other salts of the same valence type. 


DISCUSSION 


The influence of the various salts upon the different amino acids 
studied is most conveniently compared in terms of the coefficient 
(6 log y2/éu). This coefficient, although it is in most cases approxi- 
mately independent of the amino acid concentration, is generally a 
function of salt concentration in dilute salt solution, particularly 
in the case of glycine systems. According to the results obtained 
with zine chloride systems (6), it is more nearly independent of 
salt concentration the longer the hydrocarbon chain of the amino 
acid. The behavior of valine in this respect approaches that of 
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leucine, in that log y2/72° is approximately a linear function of salt 
concentration. Considering these facts, it is advantageous to 
compare values at the lowest salt concentration experimentally 
studied. These are recorded in Table V. 

These results indicate that in water the sign and magnitude of 
the salt effect depend not only on the nature of the amino acid but 
also on the nature of the salt. The value 0.33, describing the effect 
in the zine chloride-glycine system, as has been ‘pointed out in 
Paper I, is in agreement with the results of measurements of amino 
acid solubilities as a function of ionic strength in media of low 
dielectric constant. In such media, this value as a first approxi- 
mation is independent not only of the number of carbon atoms of 
the amino acid, but also of the nature of the salt. Deviations 
from the value 0.33 can from this point of view be assumed to 
measure forces other than the electrostatic attraction of ions and 
zwitter ions. The data indicate that these deviations in aqueous 
systems are of the order of magnitude of the electrostatic attractive 
forces and that they depend on the nature of each dissolved com- 
ponent. The order of magnitude of these salting-out effects is 
about the same as in mixtures of salts and various non-electrolytes 
(8, 12, 13). 

As a measure of these forces, we may define the coefficient a by 
the relation a = 0.33 + (6 log y2/éu), assuming that the salting-out 
effect is 0 in the zine chloride-glycine system. It thus becomes 
evident that in the systems described in Table V a@ varies for a 
given salt by as much as 0.33 and for a given amino acid by as 
much as 0.23. These differences are of about the same order of 
magnitude as variations of the salt effects in mixtures of salts and 
acetic acid or its chloro derivatives (12). 

It may be concluded that in aqueous systems, because of the 
low order of magnitude of the electrostatic attractive forces 
between ions and zwitter ions, it is necessary to take account of 
salting-out forces. Unlike the attractive forces, which evidently 
depend only on the valence type of the ions and the dipole moment 
of the zwitter ions, other forces vary with the nature of the salt 
as well as with the number of carbon atoms of the amino acid. 
Unlike the salting-out effects in simple salt solutions, those between 
ions and zwitter ions are significant even at low salt concentra- 
tions, because both the electrostatic forces and the salting-out 
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forces appear to be approximately linear functions of the 
concentration. 


The author acknowledges his indebtedness to Professor Edwin 
J. Cohn and Professor George Scatchard for their criticisms of the 
manuscript. 


SUMMARY 


1. The effect of amino acids on the activity coefficients of TIC 
and NaCl has been determined by means of cells without liquid 


junction. 
2. Limitations of the method applied to sodium chloride have 


been discussed. 

3. The results are interpreted as indicating not only electro- 
static attraction between ions and zwitter ions, but also repulsive 
forces which are relatively greater the greater the hydrocarbon 
chain of the amino acid, and the dielectric constant of the solvent. 
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THE APPLICATION OF THE MICROQUINHYDRONE 
ELECTRODE TO THE DETERMINATION OF THE 
pH OF THE AQUEOUS HUMOR OF RACHITIC 
AND NORMAL RATS* 


By J. A. PIERCE 


(From the Department of Pediatrics, the Johns Hopkins University, and the 
Harriet Lane Home for Invalid Children, the Johns Hopkins Hospital, 
Baltimore) 


(Received for publication, July 10, 1935) 


In a recent publication (1) Pierce and Montgomery described a 
technique for the determination of hydrogen ion concentration of 
fractions of a ec.mm. of amphibian kidney fluid by means of a 
microquinhydrone pipette electrode. In the present work a simi- 
lar technique was followed, with aqueous humor of rachitic and 
normal rats, to obtain figures for pH of a fluid to which many 
contradictory values have been assigned.!' The literature also 
indicated the possibility that, over an extended series of experi- 
ments, a distinct difference in pH between rachitic and normal rats 
might be evident. The work of Gyérgy (3), of Freudenberg and 
Gyorgy (4), of Gyérgy and Vollmer (5), and of Gyérgy and Jenke 
(6) are particularly pertinent in that they find in rickets tissue 
acidosis and in tetany tissue alkalosis. The more recent work of 
Eastman and Miller (7) is also suggestive. 

In view of the generally accepted belief that pH figures of bio- 
logical fluids obtained at a lower temperature are not those at 
37.5°, but must be converted mathematically, the technique was 
modified so that direct comparisons might be made. To clarify 
this point without introducing variables, the adoption of aqueous 
humor was considered ideal in view of its accessibility to micro- 
manipulation and the supposed absence in it of constituents in- 
compatible with quinhydrone. 


* This work was financed in large part by the John Howland Memorial 
Fund of the Johns Hopkins University. 
' Krause (2) presents a comprehensive summary of past work. 
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EXPERIMENTAL 


Systematic experimentation was carried on with thirty-four 
rachitic and eighteen normal rats, all either hooded or albino. 
In some cases determinations were made on both eyes in order to 
provide a simple test of reproducibility and to give opportunity to 
compare results of variations in technique. The rachitic rats were 
uniformly started on Steenbock Diet 3926? at the age of 20 days, 
and at the time of experimentation were from 47 to 61 days old. 
They varied considerably in their physical condition in proportion 
to the length of time on the diet, but no figures included in Tables 
I to III are from moribund animals.* An experiment was stopped 
when such a condition was observed, or whenever an excessive 
amount of amytal was required to complete anesthesia. In 
Tables II and III the animals in each section are members of an 
individual litter unless otherwise noted. 

The animal was anesthetized by injecting intraperitoneally 0.3 
cc. of amytal solution* per 100 gm. of body weight. It was then 
placed on a dissecting board under the microscope and the eyeball 
made to protrude slightly by pinching the lids with serrefine for- 
ceps. The electrode, described by Pierce and Montgomery (1), 
attached to a micromanipulator, was then moved in a lateral 
direction so that the tip would penetrate the cornea without touch- 
ing the iris or lens. The pressure of the aqueous humor was 

usually sufficient to cause an upward flow into the pipette, but in 
some cases a slight lowering of the leveling bulb was necessary. 
The usual volume of fluid collected was of the order of 0.05 ¢.mm. 
(0.00005 ecc.). After completion of the collection, the fluid was 
allowed to attain temperature equilibrium with its surroundings, 
and the E.M.F. was observed. As arule, four or five readings were 


24The Steenbock Diet 3926 is composed of corn-meal (yellow) 76, 
gluten wheat flour 20, CaCO; 3, and NaCl 1 per cent. 

3 The length of time on the Steenbock Diet 3926 had no noticeable effect 
on the ability of the animal to withstand anesthesia or operative shock. In 
many instances animals with advanced rickets appeared to be more re- 
sistant than normal adults. 

4A 3 per cent solution of sodium amytal was treated with 0.01 m HCl, 
drop by drop, until traces of insoluble precipitate were formed. In this 
way excessive alkalinity of the average amytal solution was reduced. 
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taken during 5 minutes to detect any drift not observed at first, 
but significant ones were rarely encountered. 

Two methods of regulating the temperature of the contents of 
the electrode pipette were employed: (1) the procedure of Pierce 
and Montgomery (1) in which mineral oil of known temperature 
was allowed to drip on that part of the pipette containing the 
fluid, and (2) the use of a Spencer microscope illuminator adjusted 
in such a way that the air around the eye was kept heated. Oil at 
room temperature was allowed to drip on the area for at least 2 
minutes. In the case of heated air, two Clark electrode vessel 
thermometers, suspended in different positions, showed fair uni- 
formity of temperature within the heated region. With the heated 
air technique the electrode was kept in the warm area before use 
to insure temperature equilibrium of the mercury in the pipette 
with the surroundings. The absence of significant drifts in E.M.F. 
indicated that such had been attained. 


Results 


Influence of Temperature on pH of Aqueous Humor—The prob- 
lem of converting pH figures for one biological fluid obtained at 2 
lower temperature to that of body temperature is a difficult one, 
and subject to much polemic discussion. It seemed likely in our 
work that the minimal protein content of aqueous humor’ and the 
negligible variation in CO, volume would result in closer agree- 
ment of values at 20° and 38° than could be expected with serum 
or plasma. <A series of determinations of aqueous humor was 
made with the electrode in situ. The pipette was then removed 
quickly from the eye, the fluid sealed in by pushing the sharp 
point through a disk of KCl-agar gel, and then dipped into the 
KXCl of the calomel half-cell. Table I shows the results of fifteen 
such experiments, Experiments 1 to 4 being those at similar temper- 
atures and Experiments 5to 11 those at more widely divergent ones. 
The observed £.M.F. values were converted to pH by the usual 
quinhydrone equation for the observed temperature; e.g., at 25°, 
0.4534 — E(obs.) 1 

0.0591 


» The protein content of aqueous humor is to the protein content of 
plasma as 1 is to 400 (Krause (2)). 
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The figures in Table I were obtained from experiments on both 
rachitic and normal rats, and at various times. Some of them are 
included in Tables II and III. They show an average variation of 
less than 0.02 pH at similar and at widely divergent temperatures, 
a figure which could reasonably be accounted for by experimental 
error. Two conclusions could be drawn: the logical one, that 
aqueous humor does not contain those constituents which require 
the use of an empirical temperature correction factor, and the 
improbable one, that variations in pH values due to temperature 


TABLE [ 
Agreement of pH at Different Temperatures 


1 37 7.36 34 7.35 0.01 
2 38 7.39 40 7.40 —0.01 
3 23 7.49 21 7.49 0.00 
4 = 7.45 22 7.47 —0.02 
5 | 498 7.42 40 7.40 0.02 
6 27 7.40 38 7.40 0.00 
7 32.5 7.39 26 7.37 0.02 
8 28 7.34 23 7.34 0.00 
9 30 7.43 25 7.47 —0.04 
10 Se 7.43 24 7.43 0.00 
11 | 30.5 7.44 22 7.45 —0.01 
12 a 7.47 21 7.44 0.03 
13 re 7.47 20 7.48 —0.01 
14 37 7.51 20 7.54 —0.03 
15 30 7.54 20 7.59 0.05 


differences are neutralized by membrane potential errors. In 
view of the experimental work of Pierce and Montgomery (1) on 
the membrane potential of Necturt and frogs, the second conclu- 
sion is rejected. 

pH of Aqueous Humor of Rats—No conclusions can be drawn 
from the figures in Table II as to the effect on pH of advancing 
rickets, since all of the animals were at the severe stages of the 
disease. Dissected tibise showed almost identical pictures. Loss 
of leg action was uniform, as were the other extraneous symptoms 
generally recognized in severe rickets. However, in Litter 2 
exophthalmus, with attendant bloody exudates from the edges of 
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TABLE II 
pH of Aqueous Humor of Rachitic Rats 
L itter 1 Litter 2 | L Limes. 3 - Litter 4 Litter 5 
27 to 36 days 33 to4l days . 36 to 41 days 28 to 34 days 28 to 34 days 
on Diet 3926; on Diet 3926; | on Diet 3926; | on Diet 3926; on Diet 3926; 
47to56days | 53to6ldays | 56 to 61 days 47 to 53 days 48 to 54 days 
Experi- old; oil drip old; oil drip old; oil drip | old; heated air | old; heated air 
ment meth meth meth method meth 
No. 
Tem- e Tem- Tem- Tem- Tem- 
of oil of oil of oil of air of air 
l 26 7 .44|| 27.5 | 7.37|| 25 7 35 7.34 | 33 7.32 
2 26 7.45) | 26.5 | 7.34)| 26 7.44) | 34 7 34)| 33 7.44 
3 25 | 7.46|| 23.5 | 7.37|| 23.5 | 7.41|| 28 7.34} | 31 7.41 
4 25 7.44) | 26 7.38) | 23.5 | 7.41)| 29.5 | 7.37 | 33.5 | 7.38 
5 21 7.36|| 26 7.30|| 22 7.44 | 35 7.35 | 35 7.40 
6 | 27 | 7.32/| 26 | 7.30/| 24.5 | 7.32 | 37 | 7.36\| 32.5 | 
7 27 | 7.43 | 26 | 7.99)| 25.5 | 7.49 | 36.5 | 31 7.29/ 
8 23 | 7.44|| 26 7.30) | 26 7.48 | 38 7.39|| 33.5 | 7.30 
23 7.43) | 26 7.39 38 7.39} | 34 7.27 
10 24 7.36 | 26 7.39 34.5 | 7.40 | 36.5 | 7.30 
11 34.5 | 7.40 | 36.5 | 7.30 
Average ...| 7.41 7.34 7.43 7.37 7.33 
* Braces indicate pairs of eyes. 
TABLE III 
pH of Aqueous Humor of Normal Rats 
, Litter 7. Abo Li 8. Abo Li 9. Abo 
Litter 6. 3 mos. 2 mos. old; heated old; 4 old; 
Experi- air meth drip method air method 
ment 
No. Temper-} Temper-| Temper-| 
Temperature pH* ature pH ature pH ature pH 
of air of oil of air 
"Cc. 
] 24 (Oil) 7.41 34 7.44 23 7.49] | 30.5 7.44 
2 * 7.40/| 31 7.41 | 22 7.45{| 33 
3 34 (Air) 7.44 28 7.52 | 24.5 7.58 | 33 7.47) 
4 3 “ 7.39 | 34 | 7.47 | 26 7.55| | 37 7.51\ 
5 = 7.42 | 33 | 7.42 | 25 7.50) | 30 7.54! 
6 30 7.43 25.5 7.44 
| 26 7.47 
Average........... Al 7.44 | 7.50 | 7.48 


* Braces indicate pairs of eyes. 


4 
4 

4 


506 pH of Aqueous Humor of Rats 


the eyelids, was unusually advanced. The average weight of the 
rachitie rats was 63 gm. 

Summary of Tables IT and I[J]——Vhe average pH for five litters 
of thirty-four rachitic rats was 7.38 (probable error of mean, 
0.0177); the average pH for four litters of eighteen normal rats 
was 7.46 (probable error of mean, 0.0073). In Table II figures 
are shown which average pH 7.38 for rachitic rats, with 7.27 and 
7.49 asextremes. In Table III the average pH for aqueous humor 
of normal rats is 7.46, with 7.39 and 7.59 as minimum and maxi- 
mum. The spread of values is in fair agreement with that of 
Hawkins (8) who gives 7.47 as the average pH of mixed blood of 
normal rats at 38°, with extremes of 7.35 and 7.55. 


SUMMARY 


Determinations of the pH of aqueous humor of rats have demon- 
strated a significant difference between that of rachitic and normal 
animals. A temperature correction to apply to low protein- 
containing biological fluids has been found unnecessary. The 
presence of an interfering “membrane potential’ has not been 


found. 
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THE EFFECT OF BROMOBENZENE ON THE 
UTILIZATION OF CYSTINE AND METHI- 
ONINE BY THE GROWING RAT 


By ABRAHAM WHITE anv RICHARD W. JACKSON 


(From the Department of Physiological Chemistry, Yale University, 
New Haven) 


(Received for publication, July 12, 1935) 


The rat, like the dog and the rabbit, is known to conjugate 
cystine with iodobenzene and to excrete the resulting halogen- 
phenylmercapturic acid in the urine (1). It was therefore antic- 
ipated that bromobenzene would be effective in reducing the 
cystine resources available for growth of the rat. In a prelimi- 
nary communication (2), it was reported that the oral administra- 
tion of this substance under suitable conditions does restrict 
growth and that the deficiency thus produced involves both 
cystine and methionine. Further study has amply confirmed this 
finding and has shown that some sulfur-containing compounds 
other than these two naturally occurring amino acids are without 
value in meeting the metabolic demand imposed by bromo- 
benzene. Manifestly, the deficiency is not a general one but on 
the contrary is of a limited kind. A part of our data illustrating 
these points together with certain other pertinent items is pre- 
sented herewith. 


EXPERIMENTAL 


Male rats at weaning were confined singly and given a basal 
diet! which was composed of the following ingredients: casein® 
6, inorganic salts® 4, sucrose 15, starch 50, and lard 25 per cent. 


1 The basal diet is referred to in Charts [and I] as Diet C-6 and the basal 
diet with bromobenzene as Diet B-C-6. 

2 Technical casein (Lister Brothers, New York). 

3 Osborne and Mendel salt mixture (Osborne, T. B., and Mendel, L. B., 
J. Biol. Chem., 37, 572 (1919)). 
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Throughout the investigation, each animal received a daily sup- 
plement of 400 mg. of dried yeast* and 100 mg. of cod liver oil. 
The content of the sulfur-containing amino acids in the diet was 
limited in order to secure marked effects with the bromobenzene. 
Nevertheless, the quantity and nutritional quality of the protein 
furnished in the basal diet and the supplement of yeast were 
sufficient to support good growth for relatively long periods of 
time. This is shown in Chart I which, together with Chart IT, 
depicts in graphic form representative data on growth from all 
the various experiments. When the animals had reached a body 
weight of 70 to 85 gm. each, the ration was changed to one pre- 
pared by incorporating 0.6 cc. (0.9 gm.) of bromobenzene® in 
100 gm. of the basal diet. A general failure of growt!) resulted, 
the individual responses ranging from continued loss of weight 
to marked retardation in growth rate. The attainment of this 
status now permitted the assay of various substances for their 
capacities to alleviate the deficiency caused by the bromobenzene. 
Both cystine and methionine were found to cause resumption of 
growth promptly and decisively. 120 mg. (arbitrarily called 
1 equivalent) of l-cystine and 150 mg. of dl-methionine (1 equiv- 
alent) were the amounts used as supplements for 100 gm. of the 
basal diet containing 0.6 cc. of bromobenzene. On the other 
hand, sulfur supplied in the form either of taurine or of sodium 
sulfate is entirely ineffective in promoting growth under these 
conditions, although the amount of sulfur thus administered be 
considerably greater than that necessary from cystine or methi- 
onine. 250 mg. of taurine (2 equivalents) and 710 mg. of an- 
hydrous sodium sulfate (5 equivalents) respectively, were em- 
ployed per 100 gm. of the bromobenzene-basal diet. 

Since the protein fraction of the basal diet (including the yeast) 
amounted to only 7 or 8 per cent, it was considered important 
to show whether a small increase in the intake of amino acids 


* Product of Northwestern Yeast Company. 

5 The bromobenzene and the taurine employed in this research were 
products of the Eastman Kodak Company. The bromobenzene was redis- 
tilled. The taurine and the l-cystine, prepared from hair, were shown by 
analysis to vield the calculated per cent of sulfur. The dl-methionine used 
was identical with that employed in a previous investigation (3) from this 
laboratory. 
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Rat 
28701 (42) 
4 


CuartTI. Growth on basal diet, on basal diet with added bromobenzene, 
and on bromobenzene-basal diet with the addition of cystine or methionine. 
The diet employed during any part of an experiment is indicated between 
the two downward arrows representing the beginning and end of a period. 
Diet abbreviations: C-6, basal diet; B-C-6, 0.6 cc. of bromobenzene per 100 
gm. of basal diet. The quantities of the supplements fed are presented in 
the text. The average daily food consumption in gm. for the corresponding 
interval is shown by the figures inserted between the upward arrows. The 
initial and final body weights are presented in parentheses. Each curve in 
this chart is representative of the results obtained with five animals. 
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in general would produce a beneficial effect on growth. Accord- 
ingly, a supplement of 300 mg. (2 equivalents on the basis of an 
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Cuarr II. Growth on bromobenzene-basal diet as influenced by the 
addition of various supplements, and on basal diet following the removal of 
bromobenzene from the food. The designations for diets employed, food 
consumption, and body weights are the same asin Chart 1. The uppermost 
curve is representative of a group of three animals, the next curve is taken 
from a group of five animals, the next from a group of two animals, and the 
bottom curve is typical of a group of four animals. 


average molecular weight of 150) of the amino acids prepared 
from casein by hydrolysis with acid (4) was submitted to test 
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Chart II shows that this supplement is without effect on growth. 
Further, as a control experiment, one group of animals was fed 
the diet containing the bromobenzene for a considerable time, 
following which the halogen derivative was removed from the 
diet. No evident impairment of the capacity of the animals to 
grow subsequently is caused by the continued ingestion of the 
bromobenzene, because, with its elimination from the food, growth 
is resumed at a rate comparable to that observed for the animals 
when originally ingesting the basal diet. 


DISCUSSION 


All the evidence obtained in this study supports the conclusion 
that the restriction of growth produced by the administration of 
bromobenzene is characterized by a specific unsatisfied demand 
for adequate amounts of cystine and methionine. Supplements 
of cystine, methionine, taurine, and sodium sulfate, respectively, 
have the same effects on growth as they do when fed in conjunc- 
tion with the prevalently employed cystine-methionine-poor diets 
devoid of the benzene derivative (cf. 3, 5-7). Thus the nature of 
the deficiency, as indicated by growth studies, appears to be 
identical in the two cases. Furthermore, as was to be expected, 
the experimental results on growth secured with the four afore- 
mentioned supplements in connection with the bromobenzene diet 
are compatible with the findings as to urinary sulfur distributions 
when the same substances are administered together with bromo- 
benzene (8, 9). That is, those compounds, namely, cystine and 
methionine, which have been shown definitely to increase the 
excretion of organic sulfur (employed as a measure of bromo- 
phenylmercapturie acid) also promote growth in animals re- 
ceiving bromobenzene. Sodium sulfate does not spare cystine, 
through the ethereal sulfate or other mechanisms, as indicated 
by the growth curve of the rat on the diet containing bromo- 
benzene and added inorganic sulfate. 

Autopsies performed on animals ingesting the bromobenzene 
diet over a period of several weeks revealed occasional patho- 
logical changes in the liver. In these cases, the liver was swollen 
and the surface was pale and distinctly mottled. Microscopic 
examination of sections* showed a general loss of the architecture 


® We wish to thank Dr. Caspar G. Burn, of the Department of Pathology, 
for the preparation and interpretation of these sections. 
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of the lobules, obliteration of the sinusoids due to the marked 
distention of the hepatic cells by variably sized fatty vacuoles, 
and some fibrous tissue proliferation, particularly in the peri- 
portal areas. Notwithstanding, however, that the failure of 
growth induced by bromobenzene may be in part related to the 
toxicity of this substance in the unconjugated form, the fact re- 
mains that stimulation or cessation of growth is exactly coincident 
with the administration or withholding of the extra cystine or methi- 
onine. Moreover, the most reasonable explanation of these rela- 
tions is that the synthesis of bromophenylmercapturic acid’? (and 
ethereal sulfate?) from bromobenzene and cystine takes prec- 
edence over growth when growth is primarily dependent on the 
supply of the sulfur-containing amino acids. 

Several experiments were performed to demonstrate whether 
an increase in the intake of the bromobenzene would be effective 
in counterbalancing the growth-promoting effect of a dietary in- 
crease in the sulfur-containing amino acids. The results indicated 
that there is a definite limit to the amount of cystine which the 
animal can conjugate with the bromobenzene. The phenomenon 
described in this paper is best demonstrated, therefore, by limit- 
ing the cystine and methionine of the basal diet to a level at which 
they are little more than sufficient to give good growth. With 
this limitation, the oral administration of bromobenzene may 
be effectively employed for the restriction of the cystine and 
methionine metabolically available for the growth of the rat. 


7 Inasmuch as the literature apparently contains no observation on the 
production of bromophenylmercapturic acid by the rat, the following 
experiment was conducted. Three animals weighing about 200 gm. each 
were placed in the Hopkins type metabolism cages and fed the bromoben- 
zene-basal diet (Diet B-C-6) containing 1 equivalent of added cystine. The 
urines, preserved with toluene, were collected for 3 days and worked up 
separately. In each case, acidification with sulfuric acid of the clear, 
filtered urines gave a light colored precipitate. The three precipitates 
were allowed to stand 1 hour in the ice box and then filtered off. The dried 
specimens weighing 181, 197, and 188 mg. all melted at 151-153°, corrected. 
The melting point of a mixture with an authentic analyzed specimen 
showed no depression. It has thus been demonstrated that the rat under 
the experimental conditions employed in this study excretes appreciable 
quantities of bromophenylmercapturic acid. 
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SUMMARY 


Growth retardation has been produced in the young white rat 
by the incorporation of bromobenzene in the diet. 

Cystine and methionine supplements are specific in their ability 
to alleviate the deficiency imposed by the bromobenzene. Tau- 
rine, sodium sulfate, or an amino acid digest prepared from casein 
is ineffective in this respect. 

The synthesis of bromophenylmercapturic acid by the rat has 


been established. 
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THE METABOLISM OF THE PHOSPHOLIPIDS 


VIII. THE PASSAGE OF ELAIDIC ACID INTO TISSUE PHOSPHO- 
LIPIDS. EVIDENCE OF THE INTERMEDIARY ROLE OF 
LIVER PHOSPHOLIPID IN FAT METABOLISM* 


By ROBERT GORDON SINCLAIR 


(From the Department of Biochemistry and Pharmacology, The University of 
Rochester School of Medicine and Dentistry, Rochester, New York) 


(Received for publication, July 11, 1935) 


Heretofore, the author has used the iodine number of the mixed 
phospholipid fatty acids as an indicator of differences in the com- 
position of the tissue phospholipids. It has become evident, how- 
ever, that a change in the iodine number is an indication only of a 
turnover of the more highly unsaturated fatty acids in the phos- 
pholipids and, consequently, is quite incapable of revealing any- 
thing about the turnover of the fully saturated and less unsaturated 
acids, such as palmitic, stearic, and oleic acids (1935, a). Since 
these latter acids are the very ones which predominate in the diet 
of most animals under normal conditions, it is obviously desirable 
that their rate of turnover be known. 

To accomplish this, it is necessary to feed a fatty acid which has 
some distinctive property by which it can be traced and is treated, 
in so far as the phospholipids are concerned, as palmitic, stearic, 
or oleic acids. Elaidie acid, the stereoisomer of oleic acid, appears 
to satisfy these requirements. It is distinctive in that it is an 
unsaturated acid and yet forms a lead salt which, like the lead 
salts of palmitie and stearic acids, is insoluble in cold alcohol. — It 
has already been shown (Barbour, 1933) that the isooleie acid of 
partially hydrogenated cottonseed oil, which probably consists in 
part at least of elaidic acid, is readily absorbed, deposited in the 
depots, and burned by the rat. 


* The substance of this paper was presented before the American Society 
of Biological Chemists at Detroit, April, 1935. 
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EXPERIMENTAL 


Determination of Elaidic Acid—The estimation of the amount of 
elaidic acid in tissue phospholipids is based onthe fact that its lead 
salt separates along with the lead salts of the saturated acids from a 
mixture of the various naturally occurring fatty acids. The per- 
centage of elaidic acid in the solid acids can be calculated by divid- 
ing the iodine number of the latter by 90, the iodine number of 
elaidie acid; this value, multiplied by the percentage of solid acids 
gives the percentage of elaidic acid in the total phospholipid fatty 
acids. 

The details of the microprocedure used for the separation of solid 
and liquid acids have been given elsewhere (Sinclair, 1935, a). 
The only modification made for this work was the reduction of the 
volume of alcohol to 3 ec. for the first separation and to 2 ce. for the 
second. 

Since lead elaidate is not totally insoluble in cold alcohol, it is 
to be expected that the estimated amount of elaidie acid will be 
somewhat lower than the amount actually present in the fatty acid 
mixture. The probable magnitude of this difference between the 
true and apparent values has been estimated in two ways: (a) 
12.0 mg. of crude elaidic acid (about 86 per cent) were put through 
the standard procedure for separating the solid and liquid acids; 
11.0 mg. (91.7 per cent) were recovered from the alcohol-insoluble, 
and 1.1 mg. (9.2 per cent) from the alcohol-soluble lead salts. 
(b) Crude elaidic acid was added, in varying amounts, to 30.5 mg. 
of liver phospholipid fatty acids in each of three centrifuge tubes; a 
fourth tube, to which no elaidic acid was added, was run as a 
control. The amounts of elaidic acid added, and the amounts 
recovered in the solid and liquid fractions, are shown in Table I. 

These experiments indicate that the loss of elaidic acid probably 
amounts to between 1 and 2 mg. This means that the method is 
not capable of detecting elaidic acid if it amounts to less than about 
5 per cent of the 30 to 35 mg. of total phospholipid fatty acids used 
in each determination. 

Preparation of Elaidin—Throughout this work, elaidic acid has 
been fed in the form of crude elaidin obtained by treating olive oil 
with N.O; and crystallizing from acetone. The method of prepa- 
ration of the elaidin is based upon the detailed study of the elaidini- 
zation reaction by Griffiths and Hilditch (1932). 


n 
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Nitrogen trioxide, prepared by heating together arsenious acid 
and concentrated nitric acid, is passed into 250 gm. of pure im- 
ported olive oil for 15 to 30 minutes. The oil is set away for a day 
or so in the dark at room temperature. If solidification has not 
been complete, the oil is treated with NO; a second time and again 
let stand for a day or more. ‘The solidified fat is now dissolved in 
400 cc. of acetone and let stand overnight at 5°. The crystallized 
elaidin is filtered off on a Buchner funnel, dissolved in 200 ce. of 
acetone, and let crystallize again at 5°. The crystallization is 
repeated a third and occasionally a fourth time. The practically 
white product is evaporated free from acetone at room tempera- 
ture, pulverized, and stored in the dark. The yield of elaidin after 
three erystallizations usually amounts to 45 to 50 per cent of the 
olive oil taken. 

TABLE 
Recovery of Elaidic Acid 


Elaidic acid added, 65 
Liquid | 20.7 | 21.0 | 21.8 
acid in solid acids, mg................ | 3.6) 4.1 


The elaidin prepared in this way is practically odorless and 
tasteless. Rats will eat it readily. 

A complete analysis of the elaidin has not been made. The 
fatty acids obtained by saponification of two samples had iodine 
numbers of 76.4 and 77.1. On the assumption that elaidie acid 
(iodine number, 90) is the only unsaturated acid present, the rest 
being stearic and palmitic acids, it can be calculated that 85 per 
cent of the fatty acids in the elaidin is elaidie acid. 


Results 


Apparent Solid Unsaturated Fatty Acid Content of Tissue Phos- 
pholipids of Control Rats Fed on Various Diets—Since the micro- 
method employed does not give an absolute separation of saturated 
(solid) and unsaturated (liquid) fatty acids, it was necessary to 
establish the apparent percentage of solid unsaturated acids in the 
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phospholipids of rats on various diets which contained natural fats 
and no elaidin. The percentage of solid acids in the phospholipid 
fatty acids— corrected for the amount of alecohol-insoluble material 
present—,the iodine number of the solid acids, and the caleulated 
percentage of solid unsaturated acids in the phospholipid fatty 
acids from the liver and skeletal muscle! of eight such rats are 
given in Table II. 


TaBLe II 


Apparent Solid Unsaturated Fatty Acid Content of Phospholipids of Rats 
Fed on Various Diets 


Liver phospholipid fatty ! Muscle phospholipid fatty 


acids acids 

ie per cent per cent | per cent per ante 
Stock calf meal 35.8 8.1 3.2 | 32.2 6.9 2.5 
Diet 3. Fat-poor | 38.1| 60| 2.5| 292] 68] 2.2 
34.7 5.4 2.1; 29.3 4.6 1.5 

| 38.2 5.5 2.3) 30.6 3.1 1.1 

Diet 221. 1.7% 1:1 cod | 37.2, 7.3) 3.0) 33.8 9.8) 3.7 
liver oil and corn oil | 349, 9.1 3.5 | 32.5 | 4.1 1.5 
6.2; 25); 33.2; 7.8 2.9 

Diet 290. 51.2%beeftallow 41.05 79, 36 334° 82!) 30 
37.0; 28/ 64) 23 
Standard deviation. ....... +1.9 | | 40.5 | +1.7| +2.1 +08 


It will be seen that the average percentage of solid acids in liver 
is 37.0 + 1.9 and in muscle, 31.8 + 1.7. These values are appre- 
ciably higher than the values of 33.6 + 2.3 and 27.6 + 2.7 given 
for liver and muscle, respectively, in an earlier paper (1935, a). 
This increase in yield of solid acids is undoubtedly due to the reduc- 
tion in the alcohol volumes as noted above. At the same time, 
the iodine numbers of the solid acids have also increased, pre- 
sumably because somewhat more unsaturated lead salts are being 
carried down with the saturated ones. 


' The skeletal muscle was taken from one or both hind legs. 
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The apparent solid unsaturated acid? content of the phospholipid 
fatty acids in these control animals averaged 2.8 + 0.5 per cent for 
liver and 2.3 + 0.8 per cent for muscle. These values must there- 
fore be taken as the base-line in estimating the probable elaidic 
acid content of liver and muscle phospholipids of rats fed elaidin. 

Elaidic Acid Content of Phospholipids of Rats Raised on Elaidin—— 
The first objective was to establish whether or not elaidic acid, 
when fed to rats in the form of elaidin, enters into the tissue phos- 


TaBLe III 
Elaidic Acid Content of Phospholipids of Rats Raised on Elaidin 


Liver phospholipid fatty | Muscle phospholipid fatty 
acids acids 
Diet No* Solidacids Solid acids 
Elaidie | Elaidic 
(corrected) | 1 No. 

per cent per cent| per cent per cent 

262. 40° calories from 36.8 47.4 | 19.4 37.5 60.9 | 25.4 
elaidin 38.0 | 49.2 | 20.8 38.8 | 64.9 | 28.0 
35.6 | 50.6 | 20.0 38.8 | 63.0 | 27.2 

40.0 38.8 | 17.3 36.8 | 60.6 | 24.8 

200. 74% ealories from 47.4 61.9 | 32.6 44.5 67.8 | 33.6 
elaidin 47.7 63.5 33.7 43.6 70.5 | 34.2 
200-C'. 70% calories from | 46.1 50.0 256] 40.0 | 61.7 | 27.4 
claidin, 4% from1:1corn | 45.0 | 53.6) 268] 39.5 | 59.0 | 25.9 
oil and cod liver oil 44.7 |528/| 262] 40.1 | 588)! 26.2 


* The fat-free portion of the diets was made up so that casein provided 
18 per cent, yeast 8 per cent, and sucrose the remainder of the calories in 
the final mixed diet. 1 gm. of salt mixture (Sinclair, 1931) was added for 
each 100 calories. The unsaponifiable fraction from 100 mg. of cod liver oil, 
dissolved in 2 drops of mineral oil, was administered daily by mouth. 


pholipids. That such indeed is the case is clearly demonstrated 
by the data in Table III. Elaidic acid makes up from 17 to 34 
per cent of the phospholipid fatty acids of liver and from 25 to 34 
per cent of those in skeletal muscle,* depending on the elaidic acid 


* There is no way of deciding at present whether or not the unsaturated 
acids in the solid fraction do include some true solid unsaturated acids as 
well as liquid unsaturated acids carried down with the saturated acids. 

’In the single experiment in which the kidneys were analyzed, elaidic 
acid amounted to 21 per cent of the phospholipid fatty acids. 
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content of the dict. It is evident also that the elaidic acid present 
has mainly taken the place of the normal saturated acids,‘ since 
the percentage of solid acids is either the same as, or only moder- 
ately higher than the controls. The entrance of elaidic acid into 
tissue phospholipids can be regarded as confirmation of the dem- 
onstration by Artom (1933, b) and Artom and Peretti (1933) that 
iodized fatty acids, when fed, enter into the phospholipids of liver 
and blood. As shown above the values for elaidic acid as deter- 
mined are too low. Since the loss probably exceeds the apparent 
elaidic acid content of the controls, the values as given in Tables 
II to V, without correction, are still somewhat below the correct 
percentages of elaidic acid in the phospholipid fatty acids. 

All of the rats were placed on these elaidin diets when 21 days of 
age. Consequently, they were forced to grow and therefore 
synthesize phospholipid on diets which, except in the case of Diet 
290-C, contained no other fat than elaidin. Those on Diet 262, 
however, probably synthesized some fatty acids, at least palmitic, 
stearic, and oleic acids, from carbohydrate. Consequently, the 
higher elaidic acid content of the phospholipids of the rats on Diet 
290 as compared with those on either Diet 262 or 290-C is probably 
due to the fact that the former had a much more limited supply of 
other fatty acids than elaidic to use for phospholipid synthesis.* 

Extent and Rate of Substitution of Elaidic Acid for Normal Fatty 
Acids in Tissue Phospholipids—The primary objective of this 
work was to determine whether or not the phospholipids in animal 
tissues, in whole or in part, are involved as intermediary products 
in the metabolism of fat. In keeping with the premises already 
laid down (1932, a), it is believed that the mere entrance of elaidic 
acid or any other distinctive fatty acid into the tissue phospholipids 
is not sufficient to justify the conclusion that it has done so as a 
stage in its combustion. ‘To prove that such is true, it is necessary 


‘It is probable that the unsaturated acids replaced by elaidic acid 
consist for the most part, if not entirely, of oleic acid. This is indicated 
by the increase in the iodine number of the liquid unsaturated fatty acids. 
The data on the amount and iodine numbers of the liquid acids and also 
on the percentage amount of alcohol-insoluble material have not been 
given, since, at present, they contribute little to the problem in hand. 

’ The rats fed on Diet 290-elaidin grew very poorly. The reason for the 
poor growth is being further studied and will be reported on at a later date. 
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to demonstrate: (1) that elaidic acid can replace normal fatty 
acids in the phospholipids of adult rats; (2) that the rate of entrance 
of elaidic acid into the phospholipids is a rapid process; (3) that 
elaidic acid disappears just as rapidly from the phospholipids when 
the elaidin in the diet is replaced by natural fats. 


TABLE IV 


Elaidic Acid Content of Phospholipids of Adult Rats Raised on Ordinary 
Diets and Then Fed Elaidin 


! 


Liver phospholipid) Muscle phospho- 


fatty acids lipid fatty acids 
| Solid acids Solid acids| 

Transferred from calf meal to Diet | 1 (40.752.0) 23.5 35.918.8 7.5 
262; 40°% calories from elaidin 3 42.0:53.6 25.0 34.2'28.9 11.0 
40.257.0) 25.5 '37.646.2 19.3 
25 39.7 50.7 39. 063.8 27.7 

45.045.7 


Transferred from calf meal to Diet 
290; 74% calories from elaidin, 
supplemented by 1 gm. elaidin by — 
mouth morning and evening | 


— 

bo bo 
or 
© 
| 
DP 


47.556.9 30.0 32.125.1 9.0 


] 

1 

1 

2 | 

2 46.559.0 30. 32.3 24.7 8.9 
7 

1 

2 

3 


6.0 
46.047.7 24.4 38.843.8 18.9 
40.751.8 23.4 284164 5.2 
42.546.5 24.0 37.030.6 12.6 
35.0227 8$8*29.815.2 5.0* 


Transferred from fat-poor Dict 3 to | 
290-elaidin ; supplemented by 
elaidin by mouth morning and | 
evening | 

* This rat lost considerably in weight. It probably ate none of the dict 
and absorbed little of the elaidin given by mouth. 

Adult rats which had been raised on the stock calf meal diet® 
were fed on diets in which elaidin was the only fat and, after vary- 
ing periods of time, the percentage of elaidic acid in the phos- 
pholipids of the liver and muscle was determined. The data are 
given in Table TV. 3 


"G. L. FB. calf meal, supplemented twice a week with lettuce. The 
addition of cod liver oil, as recommended by Maynard (1930), has been 
found to be unnecessary. 
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It is evident that, if due allowance is made for individual varia- 
tions, the maximum replacement of the natural fatty acids of the 
liver phospholipids by elaidic acid is completed within 1 day. On 
the other hand, it is equally evident that the rate of entrance of 
elaidic acid into muscle phospholipid is quite slow. 

The interpretation of the individual variations is complicated 
by the fact that not only is there a change in the composition but 
there may also be a change in the amount of the phospholipid in the 
liver. There is a strong suggestion that exceptionally high values 
for elaidic acid are coincident with a higher percentage amount of 
liver phospholipid. 

Rate of Replacement of Elaidic Acid from Tissue Phospholipids by 
Natural Fatty Acids—The next step was to determine the rate at 
which elaidic acid disappears from the tissue phospholipids when 
the feeding of elaidin is discontinued and the animals are fed large 
amounts of natural fatty acids. Since it was evident that when 
claidic acid enters the phospholipids it takes the place, for the most 
part, of the normal saturated fatty acids, it was decided to feed 
beef tallow, which contains about 55 per cent of saturated acids 
(Hilditch and Priestman, 1931), to displace elaidic acid from the 
phospholipids. The experiments were of two types: in one case, 
the animals used had been fed on Diet 290-elaidin, supplemented 
with elaidin by mouth, for 1 to 7 days and then fed on the same diet 
except that beef tallow replaced the elaidin; in the other case, 
rats which had been raised on Diet 262-elaidin were transferred to 
Diet 290-beef tallow, supplemented with tallow by mouth twice a 
day. 

The data are given in Table V. It will be observed that, with 
one exception, the elaidic acid content of the phospholipid fatty 
acids of liver has fallen from the probable value of 20 to 25 per cent 
to about 5 per cent. In the case of the one exception, the rat had 
lost weight during the 24 hours following the transfer from one dict 
to the other and, furthermore, showed little evidence of fat absorp- 
tion when killed. It is evident that the values for elaidic acid are 
still slightly, yet significantly, above the average control value of 
2.8 + 0.5; when account is taken of the fact that, at these lower 
levels of elaidic acid content, the error in the determination is 
considerable, there is no doubt that there is still some elaidie acid 
in the liver phospholipids of these rats. Nevertheless it is thought 
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to be reasonable to conclude that there has been a complete turn- 
over of the elaidic acid in the liver phospholipids within 1 day after 
the feeding of beef tallow.?7 Thus the third premise set forth above 
is satisfied. 

In general, the rate of disappearance of elaidic acid from the 
muscle phospholipids is a relatively slow process, although it 
appears to exceed somewhat the rate of entrance. 


TABLE V 


Elaidic Acid Content of Phospholipids in Rats Fed Elaidin and Then 
Fed on Beef Tallow 


Liver phospholipid fatty acids Muscle phospholipid fatty acid~ 


solid acids Solid acids 
iet diet Elaidic ———----— Elaidic 
_Amount I No. acid Amount No. 
(corrected) (corrected) 
days days per cent per cent percent | per cent 
] 1 41.5 15.6 7.2 36.2 23 0 9.3 
42.8 | 44 | MS 
g2 l 37.4 9.7 | 428 30.6 45.4 15.5 
92 37.4 28.9 12.0 34.3 53.0 20.2 
93 2 40.7 6.9 3.1 30.8 10.7 
93 2 4.8 | €4 3.4 | @3 | 
2 2 | | we | 64 | | | 
4 2 35.6 | 21.7 | 23.3 8.2 
+ 5 | 37.0 11.6 4.8 33.7 18.2 | 6.8 
DISCUSSION 


In so far as the liver is concerned, it is evident that the three 
premises set forth above have been satisfied. There seems, there- 
fore, to be no reason for doubting that the facts presented in this 
paper constitute direct proof that phospholipid in the liver is 
involved in the intermediary metabolism of fat. How then are we 
to explain the very considerable mass of evidence, based on the 
determination of the degree of unsaturation—the selective effect 
of small amounts of highly unsaturated fat and the lack of effect 


? The small amount of elaidic acid in the phospholipids of the liver, even 
though tallow has been fed for several days, may be due in part to mobiliza- 
tion of elaidic acid from the depots and in part to retention in the non- 
metabolic phospholipids (see below). 
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of saturated fat on the degree of unsaturation of tissue phospho- 
lipids; the lack of proportionality between rate of turnover of 
phospholipids and the intensity of fat metabolism; the retention of 
highly unsaturated fatty acids by tissue phospholipids; the con- 
stancy in the proportions of saturated and unsaturated fatty acids 
in the phospholipids regardless of the nature of the diet (Sinclair, 
1932, b; 1935, b; 1935, a)—that the phospholipids of the liver and 
other tissues are not involved in fat metabolism? 

It is believed that the facts revealed by these two entirely differ- 
ent methods of studying the metabolism of the phospholipids 
constitute strong evidence that the phospholipids of the liver are 
made up of at least two classes which differ from one another in 
their composition and, consequently, in their function. In the 
one class are those phospholipids which contain the more highly 
unsaturated fatty acids, such as linoleic, arachidonic, and clupano- 
donie acids, together with monoethylenic and saturated fatty 
acids. Such phospholipids, by very reason of their containing the 
highly unsaturated fatty acids, are especially suitable for the build- 
- ing up of membranes and other structural elements in the cell and 
possibly also for the conveying of oxygen or hydrogen in certain 
intracellular oxidations and reductions. Furthermore, these 
highly unsaturated phospholipids may be regarded as being bound 
within the cell or in some manner protected from active hydrolytic 
or other destructive reactions. Consequently they are subject 
to only a moderate wear and tear. Since the proper performance 
of their function is dependent upon their content of highly unsatu- 
rated acids, it is to be expected that this class of phospholipids 
should exhibit a constant tendency to utilize to the full such highly 
unsaturated fatty acids as are present in the diet, even when mixed 
with large amounts of saturated fatty acids (Sinclair, 1932, b; 
1935, 6). Also, when a fat rich in highly unsaturated fatty acids 
replaces in the diet one poorer in these acids, then there is a prompt 
increase in the unsaturation of the phospholipids, not by replace- 
ment of saturated by unsaturated acids, but by the replacement 
of less unsaturated by more highly unsaturated fatty acids (Sin- 
clair, 1935, a). Conversely, when the limited supply of unsatu- 
rated acids in the diet is cut off, or when a highly unsaturated fat 
is replaced by one of low degree of unsaturation, there is a reten- 
tion of such highly unsaturated acids as are present in the phos- 
pholipids until finally lost by wear and tear (Sinclair, 1935, b). 


I 
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Furthermore, when the animal is raised on a fat-free diet, there is a 
scarcity of unsaturated acids for the synthesis of the essential 
unsaturated phospholipid. Under these circumstances, the rate 
of synthesis of phospholipid is slow, and consequently the growth 
of the animal is impaired (Burr and Burr, 1929, 1930). Concern- 
ing the chemical and physical principles involved in the selection 
and binding of the more highly unsaturated phospholipids within 
the cell, one can only speculate at present. 

The other class of phospholipids may be considered as mainly 
comprising those molecules which contain only saturated and 
monoethylenic fatty acids. This class fulfils the metabolic func- 
tion ascribed by Loew (1891) some 45 years ago to the “‘lecithins”’ 
as a whole. By reason of their more suitable physical properties 
as compared with triglycerides, these metabolic phospholipids 
serve in transporting and possibly in other ways favoring the com- 
bustion of fatty acids in the body. It will be remarked that this 
class of phospholipids contains mainly those fatty acids which, 
under normal dietary conditions, predominate in the food. Fur- 
thermore, because of its metabolic function, this class exhibits a 
rapid turnover and when the intake of fat is especially great, 
increases in amount (Artom, 1933, a; Sinclair, 1935, b; this paper, 
above). Itis mainly into this part of the phospholipids in the liver 
that elaidic acid enters. Whether or not the metabolic phos- 
pholipid of the liver is constantly being given off to the blood by 
which it is carried to other organs of the body where it is burned, 
remains for further work to settle.8 

The slow rate at which elaidic acid enters and leaves the phos- 
pholipids in skeletal muscle would seem to indicate that they are 
composed mainly of the non-metabolic class. Whether or not this 
applies to all muscles at all times remains to be seen. Further- 
more, if muscle phospholipid is mainly non-metabolic, then one 
must regard the gradual entrance of elaidic acid as being due to the 
replacement of the saturated and less unsaturated fatty acids which 
have been lost as a result of wear and tear. 

It is the opinion of the author that the above suggestion offers a 
means of explaining a whole array of separate and, in many cases, 
contradictory facts. For a summary and a discussion of the 


§ Since the above was written, it has been found that elaidic acid occurs 
in abundance in the phospholipids of blood plasma but not of the cells 
within a few hours after its ingestion. 
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important facts bearing on the question of the function of tissue 
phospholipids the reader is referred to two recent reviews (Sinclair, 
1934; Artom, 1935). 


SUMMARY 


1. When rats are raised on a diet rich in elaidin, elaidic acid 
makes up as much as one-third of the total fatty acids in the 
phospholipids of the liver and skeletal muscles. 

2. When elaidin is fed to adult rats raised on ordinary diets, 
elaidic acid replaces 25 to 30 per cent of the natural fatty acids. 
For the most part, the fatty acids replaced are the fully saturated 
ones. 

3. The rate of entrance of elaidic acid into, and disappearance 
from the phospholipids is rapzd in the liver, and comparatively slow 
in muscle. The process is essentially complete in the liver within 1 
day, but in the muscle only after a period of many days. 

4. On the basis of information concerning, on the one hand, the 
factors governing the degree of unsaturation of the phospholipids 
and, on the other hand, the rate of turnover of elaidic acid, it is 
suggested that there exist at least two classes of phospholipids. 
One class is comprised of the more highly unsaturated phospho- 
lipids and functions in the essential make-up of the cell; the other 
class, consisting of the less unsaturated phospholipids, functions 
as an intermediary product in the metabolism of fat. In the liver 
both classes are present in variable proportions; in skeletal muscle 
the phospholipid is mainly of the non-metabolie type. 
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(‘ymarose is a methyl ether of a 2-desoxyhexomethylose which 
occurs naturally as a constituent of the cardiac glycosides cymarin! 
and periplocymarin.? It was first isolated by Windaus and 
Hermanns.' From the fact that it gave no phenylosazone, taken 
together with the production of acetic acid on oxidation with 
silver oxide and the similarity of many of its color reactions to those 
of digitoxose, they suggested that it may be a methyl ether of the 
latter desoxy sugar. Attempts to demethylate cymarose to 
digitoxose were unsuccessful and the position occupied by the 
methyl group as well as its precise configuration remained 
undetermined. 

In a preliminary communication’ evidence has been presented 
which strongly suggested that the methyl ether group of eymarose 
is on carbon atom (3) of the sugar chain. When cymarose was 
oxidized with 50 per cent nitric acid, the lactone of a hydroxy- 
methoxyglutaric acid (II) was isolated from the reaction prod- 
ucts. This was further characterized by the preparation of the 
di-N-methylamide of the free dibasic acid. From the formation of a 
lactone from the primary product of the reaction, hydroxymeth- 
oxyglutarie acid, it follows that the hydroxyl group of the latter 
must be located on one of the a-carbon atoms. This leaves only 
the B-carbon atom as the position occupied by the methoxyl group. 
Otherwise, the highly improbable assumption of the presence of a 
8-lactone must be made. By reference to the cymarose molecule 
it is seen that the methoxyl group in all probability is on carbon 
atom (3). 


1 Windaus, A., and Hermanns, L., Ber. chem. Ges., 48, 979 (1915). 
2 Jacobs, W. A., and Elderfield, R. C., J. Biol. Chem., 91, 625 (1931). 
> Elderfield, R. C., Science, 81, 440 (1935). 
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This conclusion has been strengthened by the preparation of two 
different fully methylated cymaronic lactones. Cymarose was 
oxidized to cymaronic lactone, which was then methylated to give 
methylcymaronic lactone (1,4) (III). This substance was a syrup 


and showed [a]” = —36°. The phenylhydrazide prepared from 
it melted at 139° and showed [a]*4 = —6°. On the other hand 
() 
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methylcymaropyranoside was completely methylated to yield 
methyl methylcymaropyranoside. The latter, after hydrolysis of 
the glycoside and oxidation, yielded methylcymaronic lactone (1,5) 
(IV), also a syrup, which showed [a]?’ = +30°. The phenyl- 
hydrazide prepared from it melted at 115-116° and showed [a]%" = 
+17.5°. This lactone on oxidation with nitrie acid yielded a 
dimethoxyghearic acid (V) which was isolated as the d7-N-methyl- 
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amide. From this it is warranted to assign the 6 ring structure to 
the lactone. Owing to lack of material it was not possible to carry 
out a similar oxidation with the other methylated lactone. How- 
ever, inasmuch as the two lactones are different, the one derived 
from cymaronic lactone undoubtedly possesses the usual y ring 
structure. 

The formation of two different fully methylated lactones at once 
shows that both of the hydroxy] groups at positions (4) and (5) of 
the sugar chain of cymarose are open, which leaves only position 


62 — Cymarose 17% in 0.1% HCL in CH, 0H 
--- Digitoxose * * 
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Fic. 1. Glycoside formation of cymarose and digitoxose at 25° 


(3) for the methyl] ether group, thus confirming the interpretation 
of the results of the nitric acid oxidation of eymarose. 

For rigid proof of the configurational relationship of cymarose 
and digitoxose, the methyldigrtoroside of the latter sugar was pre- 
pared. Because of the unusual susceptibility of digitoxose to 
acids, very mild conditions, viz. the action of 0.1 per cent methyl 
alcoholic hydrogen chloride at room temperature, were used for 
this purpose. The glycoside thus obtained was completely meth- 
viated to give dimethyl methyldigitoroside. When the latter, after 
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hydrolysis of the glycoside, was oxidized to dimethyldigitoronic 
lactone, instead of the expected 6 lactone, about half of the material 
was obtained as dimethyldigitoronic lactone (1,4). The latter 
showed [a]? = —35° and the phenylhydrazide prepared from it 
was indistinguishable from the phenylhydrazide prepared from 
methyleymaronic lactone (1,4) (III). It melted at 138.5-139° 
and showed no depression when mixed with the substance of 
cymarose origin. The rotation was [a]? = —6°. 

Cymarose, therefore, is 3-methyldigitoxose. Since Micheelt has 
shown digitoxose to possess the configuration of 2-desoxy-d-allo- 
hexomethylose (2-desoxy-d-altrohexomethylose) (VI) cymarose 
is represented by formula (1). 

Finally, in order to explain the formation of the relatively large 
percentage of y-lactone from digitoxose, the course of glycoside 
formation at room temperature of both cymarose and digitoxose 
was followed polarimetrically. The curves thus obtained are 
shown in Fig. 1. From this it is at once apparent that in the case 
of digitoxose the amount of furanoside formed in the initial stages 
of the reaction is relatively large. Whether the same holds true 
in the case of eymarose is not apparent from the curve. How- 
ever, as noted by Levene, Raymond, and Dillon® the absence of a 
break in the curve is not to be taken as evidence for the absence of 
furanoside formation. The digitoxose glycoside which was used 
in this work was obtained by stopping the reaction at the first 
disappearance of the Fehling’s test, which point corresponds with 
maximum furanoside formation as shown by the curve. In the 
case of cymarose the glycoside used was prepared at the boiling 
point of methyl] alcohol, which would naturally lead to the forma- 
tion of pyranoside in predominating amount. 

The author desires to express his appreciation to his colleagues 
for helpful advice in connection with this work. 


EXPERIMENTAL 


Oxidation of Cymarose with Nitric Acid—2 gm. of cymarose were 
dissolved in 40 ec. of 50 per cent nitric acid. After standing 3 days 
at room temperature the nitric acid was completely removed by 


* Micheel, F., Ber. chem. Ges., 63, 347 (1930). 
5 Levene, P. A., Raymond, A. L., and Dillon, R. T., J. Biol. Chem., 96. 


699 (1932). 
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repeated concentration tn vacuo with water. The crystalline 
residue was recrystallized from hexone (methylisobutyl ketone). 
The substance, the lactone of a-hydroxy-8-methoxyglutaric acid, 
formed prisms which melted at 150—152°. 


[a]? = —1° (c = 1.720 in water) 
C,H,0;. Calculated. C 45.00, H 5.00, OCH; 19.37 
Found. 45.15, 4.98, ‘* 19.22 


14.078 mg. of substance were titrated directly with 0.1 N NaOH, 
with phenolphthalein as an indicator. Calculated for 1 equivalent, 
().879 ec.; found, 0.875 ec. 3 ec. of 0.1 N NaOH were then added 
and the mixture refluxed for 30 minutes and titrated back. An 
additional 0.908 ec. of 0.1 N NaOH was consumed. 

a-Hydroxy-B-M ethoxyglutaric Acid Di-N-Methylamide—200 mg. 
of the above lactone acid were heated in a sealed tube with 10 ce. 
of 3 per cent methyl alcoholic hydrogen chloride solution for 4 
hours. After removal of the HCl with silver carbonate, the solu- 
tion was concentrated to asyrup. This was taken up in 10 ce. of 
absolute methyl alcohol and the solution was saturated with dry 
methylamine. After standing 24 hours, the solution was con- 
centrated to dryness and the residue recrystallized from ethyl 
acetate. The substance formed fine needles and melted at 138°. 


[a] = —55° (c = 1.410 in water) 
('sHigO4N2. Calculated. C 47.04, H 7.89, OCH; 15.19, NCH; 14.70 


Cymaronic Lactone—The method of Hudson and Isbell was 
used.® 10 gm. of cymarose were dissolved in 150 cc. of water. 44 
gm. of barium benzoate and 6 cc. of bromine were added and the 
mixture was shaken until the bromine was all in solution. After 
standing 48 hours at room temperature in a dark place the bromine 
was removed by aeration. The barium was quantitatively re- 
moved with H.SO, and the HBr with silver carbonate. After 
precipitation of the silver with H.S the solution was concentrated 
to about 100 ec. and extracted several times with benzene for 
removal of benzoic acid. It was then concentrated to a syrup. 
The substance was heated 5 hours at 100° and 15 mm. to complete 
lactonization and then distilled at 0.2mm. _ It boiled at 110—111°. 


“Hudson, ©. S., and Isbell, H. S., J. Am. Chem. Soc., 61, 2225 (1929). 
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The lactone is a thick syrup which showed no tendency to crystal- 
lize. It reduced Fehling’s solution promptly on a few seconds 
boiling. This property was not due to an impurity, since a sample 
of the lactone prepared from the acid purified over the barium salt 
still was strongly reducing. n>? = 1.4635. 

[a]? = —25° (c = 2.537 in H.O); after 75 hours no change was 
observed in the rotation. The free acid lactonized so rapidly that 
no observation of its rotation was possible by the usual method. 


C;H,,0,. Calculated. C 52.47, H 7.56, OCH; 19.36 
Found. “ 52.52, 7.31, “ 18.93 
“ 52.23, 7.50 


Cymaronic Acid Phenylhydrazide—0.9 gm. of cymaronic lactone 
and 0.6 gm. of phenylhydrazine were dissolved in 15 ce. of ether 
and the solvent boiled off. The residue was heated for 1 hour in 
the steam bath. On rubbing up under ether, the hydrazide 
rapidly crystallized. It was recrystallized from methyl alcohol, 
from which it formed fine needles and melted at 154°. 


[a]> = +2° (c = 0.897 in methy! alcohol) 
C,sH2oO.No. Calculated. C 58.17, H 7.52, N 10.68, OCH; 11.56 
Found. 58.89, 7.80, “10.18, 11.26 


Methyleymaronic Lactone (1,4)—5 gm. of ecymaronic lactone were 
methylated three times by the method of Purdie with silver oxide 
and methyl iodide. The methylated lactone boiled at 78—-80° at 
0.2 mm. It still possessed strong reducing properties. n? = 
1.4437. 

[a]> = —36° (c = 1.093 in chloroform) 
CsH,O.. Calculated. C 55.14, H 8.10, OCH; 35.61 
Found. ** 54.99, “ 8.17, 35.02 


d-Methylcymaronic Acid Phenylhydrazide—This was prepared 
in the usual manner. The hydrazide was recrystallized from 
ethyl acetate and formed flat needles which melted at 139°. 


[a] = —6° (c = 1.040 in methyl alcohol) 
CisHw2OqNo. Calculated. C 59.54, H 7.86, N 9.92, OCH; 21.97 
Found. 6h ~ Bae 


Methylcymaropyranoside—Preliminary experiments showed that 
glycoside formation was complete when cymarose was refluxed for 
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15 minutes in 0.25 per cent HCl in absolute methyl aleohol or when 
it was allowed to stand 1 hour at room temperature under the same 
conditions. Accordingly 10 gm. of the sugar were boiled with 
200 ec. of 0.25 per cent methyl alcoholic hydrogen chloride. After 
removal of the HCI with silver carbonate the solution was con- 
centrated to a syrup and the residue distilled at 0.2 mm. The 
glycoside boiled at 54—64°. No attempt was made to separate the 
aand 6 forms. Hydrolysis experiments on three fractions showed 
no differences in the rate of hydrolysis. n® = 1.4475. 


CsH,.O,. Calculated. C 54.51, H 9.14, OCH; 35.04 
Found. “ 54.13, “ 8.98, ‘* 35.04 
“ 54.24, 9.20, 34.56 


Methyl Methyleymaropyranoside—The above glycoside was 
methylated with silver oxide and methyl iodide by the method of 
Purdie. The syrupy product was distilled at 0.2 mm. It boiled 
at 45-48°. n> = 1.4341. 


CoH:s0O4. Calculated. C 56.81, H 9.54, OCH; 48.92 
Found. ** 56.82, 9.45, 48.40 
56.40, 9.68, 48.21 


Methyleymaronic Lactone (1,5)—5 gm. of methyl methyleyma- 
ropyranoside were boiled with 100 ec. of 0.1 N HCI for 10 minutes. 
After removal of the HCl with silver carbonate and precipitation 
of the silver with H.S, the solution was concentrated to a syrup. 
Inasmuch as the methyleymarose showed no tendency to crystal- 
lize, it was oxidized directly as such by being allowed to stand 48 
hours protected from light in a solution of 3 ec. of bromine in 100 
cc. of water. The excess bromine was removed by aeration, the 
HBr precipitated with silver carbonate, and the silver by HS. 
Concentration of the solution left a syrup. This was lactonized 
by heating 5 hours at 100° and 15 mm. and distilled at 0.2 mm. 
The substance boiled at 88-90°. n® = 1.4509. As in the case of 
the other lactones from cymarose, this one also reduced Fehling’s 
solution even after purification over the barium salt. 


[alp = +30° (« = 0.793 in chloroform) 
Caleulated. 55.14, H 8.10, OCH, 35.61 
Found. “34.90, 33.25 
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4-Methyleymaronic Acid Phenylhydrazide—This was prepared 
from the above methyleymaronic lactone (1,5) in the usual man- 
ner. After recrystallization from ethyl acetate it formed needles 
which melted at 115-116°. 


fal} = +17.5° (c = 0.963 in methyl alcohol) 
CigHwO No. Calculated. C 59.54, H 7.86, N 9.92, OCH; 21.97 
Found. “ 50.32, “ 7.86, “ 10.25, ‘* 21.92 


Oxidation of Methylcymaronic Lactone (1,5) with Nitric Acid — 
0.4 gm. of the lactone was heated at 90—94° with 5 ce. of nitric acid 
(1.42) for 8 hours. The nitric acid was completely removed by 
repeated concentration tm vacuo with water. The residue was 
dried by boiling down several times with benzene and _ finally 
heated 6 hours in a sealed tube with 10 ce. of 3 per cent methyl 
alcoholic hydrogen chloride. After removal of the HCI with silver 
carbonate, the solution was concentrated to a syrup. This was 
taken up in absolute methyl alcohol and the solution saturated 
with dry methylamine. After standing 24 hours the solution was 
concentrated to dryness and the residue recrystallized from 
ethyl acetate. The analytical figures agreed with those for the 
di-N-methylamide of dimethoxyglutaric acid. The substance 
formed needles and melted at 173-174°. 


falp = —56° (c = 0.979 in water) 
CoH; sOqNo. Calculated. C 49.51, H 8.32, N 12.83 
Found. 48.96, 8.21, 12.82 


Dimethyl Methyldigitoxoside—Because of the extreme suscep- 
tibility of digitoxose to acids, the glycoside was prepared by allow- 
ing the sugar to stand for 1 hour at room temperature in 0.1 per 
cent methyl alcoholic hydrogen chloride solution. At the end of 
this time the Fehling’s test was negative. After removal of the 
HCl with silver carbonate, the solution was concentrated to a 
syrup which was methylated directly by the method of Purdie. 
After three methylations the substance was distilled at 0.2 mm. 
It boiled at 43-46°. This material was a mixture of the furanoside 
and pyranoside forms from which a furanoside derivative was 
isolated after oxidation to the lactone. 


(9H, Calculated. © H Q 54, 48.92 
Found. 56.65, 9.48, “ 48.40 
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Dimethyldigitoxonic Lactone (1,4)--The glycoside mixture just 
described was hydrolyzed and oxidized by the same method as that 
used in the case of methyl cymaropyranoside. The product was 
carefully fractionated at 0.2 mm. About half of it was obtained 
as a syrupy liquid boiling at 77-78°. n> = 1.4438. 


lalp = —35° (c = 1.016 in chloroform) 
CsHy,O4. Caleulated. C 55.14, H 8.10, OCH; 35.61 
Found. “ 54.63, “8.05, “ 35.34 


3,9-Dimethyldigitoronic Acid Phenylhydrazide—This was _ pre- 
pared from the above lactone in the usual manner. After reerystal- 
lization from ethyl] acetate it formed flat needles indistinguishable 
from the previously described 5-methyleymaronic acid phenyl- 
hydrazide. It melted at 138.5-139° and showed no depression 
when mixed with the substance of eymarose origin. 


[alp = —6° (c = 0.866 in methy!] alcohol) 
Calculated. C 59.54, H 7.86, N 9.92, OCH; 21.97 
Found. “ 59.52, 7.93, “10.26, “ 21.75 
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The determination of tissue carbohydrates involves numerous 
technical difficulties. These are reflected in the widely varying 
results recorded in the literature. Consequently, there is con- 
siderable doubt about the correct procedures to use when a study 
of these substances is undertaken. Glycogen and lactic acid are 
liable to extremely rapid postmortem changes; this also applies 
to a lesser extent to the fermentable and the non-fermentable 
reducing substances. We have no doubt that most of the values 
recorded are far from correct. Cori and Cori (1) have recently 
called attention to this condition with respect to glycogen. 

The ideal methods for tissue carbohydrates must yield maximal 
values for glycogen and minimal values for lactic acid and the 
fermentable and the non-fermentable reducing substances. The 
manner in which the tissues are removed from the animal is of the 
utmost importance in obtaining correct results. The methods to 
be described represent combinations and modifications of pro- 
cedures used by different investigators, and we think that the 
results obtained by their use show closely the conditions existing 
in the living animal. Rats have been used in all of our work. 


Methods 


Removal and Preparation of Tissues—The animal is given an 
intraperitoneal injection of sodium amytal. When anesthesia is 
complete, the hind legs are skinned and packed in CO, snow. 
A celluloid bottle from which the bottom and a portion of the wall 
ix removed serves to hold the snow in place. After being frozen 
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from 4 to 5 minutes, the legs are cut off near the hip joint with a 
large pair of scissors. The desired muscles are then cut from the 
frozen legs and dropped into liquid air. Very little bleeding occurs 
when the legs are removed. The abdomen is immediately opened 
after the legs are severed and the liver is packed in CO: snow. 
After 4 or 5 minutes the frozen liver is dropped into liquid air. 
The frozen tissues are now transferred to the tissue crushing appa- 
ratus described by Graeser, Ginsberg, and Friedemann (2). We 
have found that half a dozen blows with a 14 pound sledge hammer 
are sufficient to reduce the small samples of liver, muscle, and 
kidney to a fine powder. The frozen, powdered tissues are then 
transferred to vessels containing the appropriate reagents. 

Determination of Glycogen——1 to 2 gm. of frozen, crushed tissues 
are introduced, by means of a cold section lifter, into a weighed 15 
cc. graduated test-tube containing 3 or 4 ec. of 30 per cent KOH 
solution. To prevent tissue from adhering to the upper part of 
the tube, a flexible piece of celluloid is fitted into the tube almost 
to the level of the liquid. After the addition of the tissue, the 
celluloid is removed and the tube stoppered with a small marble 
and placed in a boiling water bath. The mixture is shaken fre- 
quently until the tissue has disintegrated (a few minutes), when 
the tube is removed from the bath and weighed. It is replaced 
in the bath for about 3 hour until solution is complete. 1.1 to 1.2 
volumes of 95 per cent C2H;OH are added and thoroughly mixed 
with a fine rod. The mixture is heated again until the alcohol 
begins to boil and is then cooled and centrifuged. After the super- 
natant fluid has been decanted and the tube drained carefully, the 
precipitate is dissolved in 1.5 to 2 ce. of hot water. The solution 
is neutralized with 2 N HeSO,, with litmus paper as an indicator, 
and an amount of 2 N H.SO, equal to the liquid is added, so that a 
total of 3 to 5 ee. of N H.SO, is present for hydrolysis. The glyco- 
gen is hydrolyzed for 2} hours in the boiling water bath. The 
solution is neutralized, diluted to volume, and filtered. The 
glucose is determined by the method of Shaffer and Somogyi (3), 
Reagent 50 being used with 1 gm. of KI per liter. This procedure 
is essentially a combination of those of Good, Kramer, and Somogyi 
(4) and Sahyun (5). 

Determination of Lactic Acid—For complete precipitation of 
proteins a stronger acid-zine solution than the one reeommended 
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by Graeser, Ginsberg, and Friedemann (2) was needed. The 
solution found to be most practical for our purposes contains 0.245 
gm. of ZnSO,-7H2O and 2.49 ee. of N HeSO, per gm. of tissue when 
7 volumes of the solution are used. This is the same allowance as 
with the old reagents of Friedemann and Graeser (6) when a 2 gm. 
sumple was treated with 0.5 gm. of ZnSO, and 5 ee. of N HaSO,. 

The solutions required are: 

Solution I—35.5 gm. of ZnSO,-7H2O and 355.5 ec. of N HoSO, per 
liter. 

Solution I[—-NaQOH solution to neutralize Solution I. Run into 
2 wide mouthed extraction flask 10 ce. of Solution I, stopper with a 
rubber stopper, and weigh. Add the frozen, crushed tissue by 
brushing it from the crushing apparatus into the flask. Approxi- 
mately 1.5 to 3 gm. samples of liver and muscle are used. Stopper 
the flask tightly, shake vigorously, and weigh. Run in additional 
Solution I to a total volume of 7 ec. for each gm. of tissue. Stop- 
per, shake well, and let stand for 30 minutes, shaking occasionally 
during the interval. Filter through No. 5 Whatman paper. 
Transfer 15 ce. (or 14 or 13 ce. in case less than 2 gm. of tissue was 
taken) of the filtrate to a 100 ce. volumetric flask (15 ee. represent 
1 gm. of tissue, since the dilution is 7 ec. each of Solutions I and IT 
plus 1 ce. of water, the water content of the sample per gm. of 
tissue). Add 4 ee. of the 20 per cent CuSO, solution and 4 ce. of 
the Ca(OH). suspension (6). Mix by rotation and make up to 
volume with water. Centrifuge and pour off the clear fluid. 
Take 75 ce. (representing 0.75 gm. of tissue) of this filtrate for 
oxidation. The oxidation and titration are performed according 
to the method of Friedemann and Graeser (6): Place 75 ec. of the 
tissue filtrate in a 300 ce. Kjeldahl flask and neutralize it, with 
phenol red as indicator. Add 10 ec. of H3;PO.-MnSO, reagent 
and a pinch of taleum, then bring the volume to about 100 ce. 
Place 10 ee. of NaHSOs; solution in the 150 ce. extraction flask. 
Adjust the microburner to bring the solution to boiling in about 
3 minutes. The addition of oxidizing agent is begun as soon as 
the vapors begin to enter the condenser. Add sufficient at the 
beginning to insure an excess as indicated by a brown or reddish 
brown (but not gray) color. The rest is added drop by drop 
throughout the 15 minute oxidation period. About 20 to 25 cee. 
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of an approximately 0.015 N colloidal MnO, solution are needed. 
Detach and lower the receiving flask from the condenser a few 
minutes before the oxidation is finished. Rinse the glass tip 
with a small amount of water and remove the flask for titration. 
Cool the receiving flask in a shallow pan of ice water and add 2 
ec. of 1 per cent starch solution. Next add strong iodine-KI 
solution to a slight excess which is immediately removed by a drop 
or two of thiosulfate (approximately 0.1N). Wash the walls of the 
flask with a thin stream of water and adjust the end-point to a 
faint blue with the dilute standard iodine solution. Cool again 
for a few minutes in ice water, then add about 15 ce. of saturated 
NaHCoO; solution. Run in dilute standard iodine solution (0.002 
N was used in our work) from a microburette until the reaction 
begins to slow up. Then add 1 cece. of 10 per cent NasCO; and 
additional standard iodine solution to give a faintly blue end-point 
which should persist for at least half a minute. To insure a true 
end-point, add 1 ee. more of the NasCO; solution and standard 
iodine solution again if necessary. An oxidation with distilled 
water is run and this blank subtracted from the lactic acid titra- 
tion value. Each ee. of 0.002 N iodine solution used in the titra- 
tion is equivalent to 0.09 mg. of lactic acid. 

In the case of blood, the proteins are precipitated according to 
the second procedure of Somogyi (7). Transfer 10 ce. of the 1:10 
filtrate to a 50 ec. volumetric flask and add 2 ec. each of the CuSO, 
solution and the Ca(OH). suspension. Mix and dilute to volume, 
centrifuge, and neutralize the decanted fluid. Use 40 ce. of this 
filtrate (representing 0.08 cc. of blood) for the oxidation and 
titrate the bound bisulfite with 0.002 N standard iodine solution. 

Determination of Fermentable and Non-Fermentable Reducing 
Substances—The frozen, crushed tissue is brushed into a tared 
wide mouthed extraction flask containing 5 cc. of N H2SO,;. The 
flask is then tightly closed with a rubber stopper, shaken vigorously, 
and weighed to obtain the amount of tissue. Not more than 2 gm. 
of muscle and 1 gm. of liver! is used in preparing the extracts. As 
in the procedure described by Friedmann and Graeser (6) for the 
preparation of tissue extracts for the determination of lactic acid, 
5 ee. of 10 per cent ZnSO, solution are then added and 7.8 ec. of 


1 When larger amounts are used, clear filtrates are not always obtained. 
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n NaOH (an amount sufficient to titrate the above mixture of 
ZnSO, and H.SO, to a permanent pink with phenolphthalein as 
indicator) are slowly added. Enough water is added to bring the 
total volume to 55 ce. The flask is now shaken and allowed to 
stand for 3 hour with occasional shaking. The solution is then 
filtered and 30 cc. of the filtrate are pipetted into a 200 cc. Erlen- 
meyer flask containing 5 cc. of 0.1 mM H2C.,0,. 2 gm. of Lloyd’s 
reagent are then added and the flask shaken for 2 minutes and the 
solution then filtered into another Erlenmeyer flask containing 2.5 
gm. of permutit. After shaking for 2 minutes, the solution is 
filtered and 5 cc. of this used for the determination of reducing 
substances by the Shaffer and Somogyi (3) method. The solution 
is neutralized with 2 to 3 drops of 0.25 n NaOH before the 
copper reagent is added. 

In the determination of the non-fermentable fraction, 2 ec. of a 
25 per cent yeast suspension which has been washed three times are 
placed in a tube and centrifuged. The water is poured off and 10 
ec. of the filtrate from the permutit added. The yeast and this 
filtrate are thoroughly mixed and allowed to stand for 3 hour at 
room temperature. After centrifuging, 5 cc. of the solution are 
used for the sugar determination (3). 

The Somogyi (7) macrotechnique, second procedure, is employed 
for the preparation of blood filtrates for total and non-fermentable 
sugar determinations. For the fermentation, 10 cc. of the blood 
filtrate are treated with yeast as above. The reducing substances 
are determined by the Shaffer and Somogyi (3) method. 


EXPERIMENTAL 


Carbohydrate Content of Rat Tissues—The white rats used in our 
study were of an inbred Wistar strain. They were fed a diet of 
the following composition: whole wheat 55, dried milk (Klim) 
25, dried beef muscle 12, dried yeast (Harris) 5, sodium chloride 2, 
and calcium carbonate 1 gm. They were kept in a room main- 
tained at a temperature of 23-24°. The ages at which they were 
killed varied from 70 to 199 days for males and from 72 to 199 days 
for females; their weights, from 190 to 370 gm. for males and from 
135 to 260 gm. for females. Within these limits, age and weight 
did not appear to affect the carbohydrate content of the tissues. 


i 
4 


542 Tissue Carbohydrates 


All were fasted for 27 hours with aecess to water. The 27 hour 
period was used in order to allow a 3 hour absorption period in 
other experiments being conducted. ‘The results in Table I show 


TABLE | 
Carbohydrate Content of Tissues of Rats Fasted 27 Hours 


The results are expressed in mg. per 100 gm. except for blood, in which 
case they are recorded as mg. per 100 ec. The values for glycogen are given 
in terms of glucose. 


Substance determined Minimal; Mean of 
| mean Males | Females 
fiver............ 1847 106 555 127 15 
603 41 215 46 14 
749 =| «546 661 15.7 14 
720 | 505 611 21.2 13 
Lactic acid, liver.......... | 29.7/ 10.7 | 19.5 1.4 10 5 
Fermentable reducing sub- | | | 
stances | | | 
219.5) 81.9 | 127.5 | 8.9 
| 32.2) 9.1] 19.6] 1.6 10 6 
68.4) 386.7 | 56.5 2.5 9 6 
91.5) 59.0) 73.8 2.6 6 9 
Non-fermentable reducing 
substances 
31.0 4.3 12.0 2.1 10 6 


the maximal, minimal, and mean values obtained. The mean 
deviation of the mean has been calculated with the formula 


zd? 
(N—1)N 


the significance of which has been discussed by Scott (8). 
Glycogen—-The glycogen content of the liver of fifteen male rats 
was 555 + 127 and that of fourteen females was 215 + 46 mg. per 
100 gm. These values show the sex difference first observed by 
Greisheimer (9) and shown more reeently and elearly by Deuel, 
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Gulick, Grunewald, and Cutler (10). The glycogen content of the 
liver of males is not only greater but is more variable than in 
females. Any study in which the changes in liver glycogen are 
expected to be small should be carried out with females. 

The extensor thigh muscles of fourteen male rats contained 
661 + 15.7 and of thirteen female rats 611 + 21.2 mg. of glycogen 
per 100 gm. Again the sex difference in glycogen content is 
apparent but to a lesser extent than in the case of liver. 

A survey of the recent literature concerning the glycogen content 
of the tissues of rats fasted 24 hours reveals wide discrepancies in 
the values reported. Some values for liver glycogen follow: 
Miller and Lewis (11) found an average of 11 mg. per 100 gm. in 
nine rats; Buell and Strauss (12), 390 mg. in nine young males; 
leyder and Pierce (13), 61 mg. in twelve adult males; and Deuel 
ct al. (10), 1430 mg. in fifteen males and 700 mg. in fifteen females. 
Values for the glycogen content of skeletal muscle were reported as 
follows: 390 mg. per 100 gm. in the gastrocnemius of nine rats 
(12); 369 in the gastrocnemius of fifteen males and 383 mg. in that 
of fifteen females (10); and Sahyun, Simmonds, and Working (14) 
found 277 mg. in the gastrocnemius of the right leg and 281 mg. 
in that of the left leg of ten males whose diet prior to the fast 
contained 54.0 per cent carbohydrate. They found the quadri- 
ceps femoris of the right leg to contain 233 and that of the left leg 
- 231 mg. per 100 gm. The latter values are slightly more than 
one-third the amount we have found in the same group of muscles 
of rats whose preliminary diet contained 50.6 per cent carbo- 
hydrate. Cori (15) found an average of 588 mg. per 100 gm. in 
the gastrocnemius of twelve rats and observed that the same 
muscle of the opposite leg, removed after 30 minutes, gave within 
3.5 per cent of the same value in five out of six cases. The latter 
values agree well with those we have obtained for muscle. 

One can conceive that the glycogen content of the liver of fasted 
rats might vary somewhat from laboratory to laboratory but it is 
difficult to believe that such variations as have been noted for 
muscle are real. The source of these differences must lie largely in 
the manner of obtaining the tissues and in the precautions taken to 
prevent glycogenolysis after removal and until solution has taken 
place in the KOH solution. We have obtained an average loss of 
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more than 25 per cent of the glycogen when the muscles were not 
completely frozen and powdered before being added to the KOH 
solution. Cori (15) has stated that the freezing of muscle in situ 
is not necessary to prevent glycogenolysis. We have performed 
some experiments which show that such is not always the case. 


TABLE II 


Glycogen and Lactic Acid Content of Muscle As Affected by Manner of Removal 
and Freezing 


The results are expressed in mg. per 100 gm. of tissue. 


| Glycogen | Lactic acid 
| | 
| | Leg Leg | | Lez | Lez 
| | | | | omoved, | removed. | 
| in liquid inCOz | inliquid inCO: ¢enin 
| | air snow air | hquid air 
19 | 684 | 538* 276 | 409 | | 
713 481*t 34.7 | 38.5t | 
3° | 516 517* 22 9 14.2§ | | 
49 | 500 506* 37.7 40.8 
59 | 621 285* 21.6 37.48 | 
6 2 583 364* 11.5 31.12 | 
77 22 6 61.4 
89 457 526 || | 
99 517 458) | 
107 678 628 || | | 
lit | 634 | 605] | | 
129 |. 37.4 | | 53.3 
13 9 | 11.8 | | 25.2 
14 2 | 19 3 | 38.6 


* Extensor thigh muscles, cut during removal of leg. 

+ Contained small amount of bone. 

t Continuous twitching. 

§ Slight twitching. 

| Flexor leg muscles, left intact during removal of leg. 


In these experiments, both hind legs were skinned and the right 
one was frozen in situ with COz2 snow as already described. Imme- 
diately after cutting off the frozen leg, the other was severed near 
the hip joint and frozen by dropping it into liquid air or by sur- 
rounding it with CO, snow, or a muscle sample was cut off and 
dropped into liquid air. Reference to Table IT shows that the 
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glycogen content was less in the muscles not frozen in situ, par- 
ticularly in the extensor thigh muscles cut through during the 
removal of the leg. The lactic acid content was also greater in 
six out of seven cases when the muscles were frozen after cutting 
off the leg, and in each case in which the muscle samples were cut 
from the unfrozen leg. These results indicate that the safest 
procedure is to freeze the muscles in setu. Other experiments 
showed that rapid excision of the liver and immediate freezing in 
liquid air gave results comparable with freezing in situ. 

Lactic Acid—The lactie acid content of the liver of fifteen rats 
was 19.5 + 1.4 mg. per 100 gm., the maximal value being 29.7 and 
the minimal 10.7 mg. The average value for the fleror leg muscles 
of fourteen rats was 21.6 + 1.4 mg. per 100 gm., varying from 30.5 
to 13.1 mg. The blood lactic acid of eleven rats was 15.5 + 1.1 
mg. per 100 ce., with extremes of 21.8 and 11.9 mg. Our results 
are in harmony with the view that lactic acid is normally evenly 
distributed in the tissues. The values agree rather well with those 
of Cori (15) who found an average of 20.8 mg. in the liver of three 
rats, 12.0 mg. in the gastrocnemius muscle of five, and 12.2 mg. in 
the blood of ten rats. Buell and Strauss (12) obtained an average 
of 18 mg. in the blood of nine rats. Reference to Table II shows 
that freezing in situ gives lower values for lactic acid than does 
freezing of the tissues after removal from the animal. 

Reducing Substances—The following values for fermentable sugar 
were obtained: liver of thirteen rats, 127.5+8.9 mg. per 100 gm.; 
flecor muscles of sixteen, 19.6+1.6 mg.; kidney of fifteen, 56.5+2.5 
mg.; and blood of fifteen, 73.8+2.6 mg. per 100 cc. The corre- 
sponding results for the non-fermentable reducing substances were: 
liver, 11.7+3.0 mg.; muscle, 12.0+2.1 mg.; kidney, 7.6+0.6 mg.; 
and blood, 4.9+0.3 mg. 

The amounts of fermentable sugar we found in muscle are 
between those reported by Bischoff and Long (16) and those of 
Cori, Closs, and Cori (17). Bischoff and Long extracted the 
muscle in boiling water, precipitated the proteins with ZnSO, and 
NaOH, and used Lloyd’s reagent to remove non-carbohydrate 
reducing substances. They found 25+2.5 mg. per 100 gm. in the 
muscle of eight rats fasted from 27 to 48 hours. Cori et al. removed 
the museles under amytal anesthesia and placed them directly in 


» 
re. 


546 Tissue Carbohydrates 


ice-cold 0.5 N H.2SO,. They were then ground to a fine pulp in a 
cooled mortar and the extracts treated with HgSO,, BaCOs;, and 
H.S. In the case of four rats fasted 24 hours, the fermentable 
sugar varied from 10 to 12 mg. per 100 gm., and in eight non-fasted 
rats the amounts ranged from 16 to 31 mg. per 100 gm. In their 
Table IV, twelve resting muscles contained an average of 22 mg. 
per 100 gm., with extremes of 4and 36mg. Presumably the latter 
animals were not fasting. Our values for the fermentable sugar 
of liver are of about the same order of magnitude as those reported 
for rabbit liver by Power and Clawson (18). 

The non-fermentable reducing substances of muscle averaged 
12.0 mg. per 100 gm., which is near that of 14.5 mg. reported by 
Cori et al. (17). We wish to point out the relative constancy of 
these substances in the different tissues, the values lying within the 
range of 4.9 mg. for blood and 12.0 mg. for muscle. We have 
numerous experiments on record which show the necessity of 
avoiding stimulation and preventing glycogenolysis when the 
reducing substances of tissues are to be determined. These 
precautions are necessary in the case of the non-fermentable reduc- 
ing substances as well as for the fermentable sugar. 


SUMMARY 


Procedures are described for the removal of tissues and the 
determination of glycogen, lactic acid, and fermentable and non- 
fermentable reducing substances. Values for the tissues of rats 
fasted 27 hours are recorded. The results are discussed with 
relation to values reported in the recent literature. 
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HEMICELLULOSE FROM OAT HULLS 
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Norman (1) isolated two hemicelluloses from oat straw. One of 
these consisted of l-arabinose, d-xylose, d-galactose, and a uronic 
acid. The other consisted of l-arabinose and a uronic acid. Hurd 
and Currie (2) isolated xylan from oat hulls. After hydrolyzing 
this xylan they apparently found only d-xylose. The similarity 
of this material to various polyuronides suggests that it contains a 
uronic acid and probably other sugars. 


EXPERIMENTAL 


Preparation and Properties of the Hemicellulose—Oat hulls were 
extracted several times with a boiling 0.5 per cent solution of 
ammonium oxalate, to remove pectin and starch. The residual 
hulls were mixed with 7 times their weight of 5 per cent sodium 
hydroxide solution and heated for 4 hours in a bath of boiling 
water. The solution was filtered and the extraction repeated a 
second time. The filtrates were combined and acidified with 
hydrochloric acid. This precipitated Hemicellulose A which was 
filtered off and washed free of chlorides with dilute ethanol. The 
filtrate from Hemicellulose A was mixed with an equal volume of 
ethanol. This precipitated Hemicellulose B which was filtered off 
and washed free of chlorides. Modifications of this method were 
used in preparing some crops of the hemicellulose but the results 
were essentially the same in all cases. 

The yield of the hemicellulose was approximately 28 per cent 
of the weight of the hulls used. When the hulls were thoroughly 
extracted with hot water before extraction with sodium hydroxide, 
the hemicellulose was free of starch. When this precaution was 
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not observed, the hemicellulose contained starch. The hemicel- 
lulose is insoluble in alcohol but is slightly soluble in phenol. 

The results obtained on analysis of any crop of the hemicellulose 
depend on the method of preparation. This proves that a mixture 
is present. This mixture may consist of two or more polyuronides 
or it may be a polyuronide mixed with a pentosan. The least 
soluble portion of the hemicellulose gave approximately the 
following results: ash 6.7 per cent, uronic acid anhydride 3.65 per 
cent, pentosan 73 per cent, insoluble X body 10 per cent. There 
is also approximately 7 per cent hexosan present. In one case a 
hemicellulose containing 4.56 per cent uronic acid anhydride was 
obtained. The most soluble portion of the hemicellulose gave 
approximately the following results on analysis: ash 0.4 per cent, 
uronic acid anhydride 1.7 per cent, pentosan 83.5 per cent. In 
addition there is approximately 3 per cent hexosan present. 

Hydrolysis of the Hemicellulose and Identification of Constituents— 
The hemicellulose was mixed with a 4 per cent solution of sulfuric 
acid and heated in a bath of boiling water for 15 hours. The 
insoluble X body was found to weigh approximately 10 per cent 
of the weight of the hemicellulose. Analysis showed that 47 per 
cent of the X body was silica. This body may be a definite part 
of the hemicellulose molecule. However, it may be a mixture of 
silica and lignin dissolved from the oat hulls by the alkaline solu- 
tion, together with decomposition products formed during the 
hydrolysis. 

The filtrate from the X body was treated with barium carbonate 
and separated into the barium salt of a uronic acid-sugar compound 
and an alcohol solution of the sugars. The sugars were crystallized 
from glacial acetic acid. Large amounts of crystalline d-xylose 
were obtained. This was identified by its rotation, [a]? = +19°, 
and by conversion to the characteristic cadmium bromide-cad- 
mium xylonate double salt ((3) p. 58). Much smaller amounts 
of crystalline l-arabinose were obtained. This was identified by 
its rotation, [a]2® = +93°, and by conversion to the diphenylhydra- 
zone, m.p. 187° and [a]? = +15.4° in pyridine solution. The yields 
of crystalline pentose sugars obtained indicate that approximately 
one-tenth of the pentose is l-arabinose and nine-tenths is d-xylose. 

The barium salt of the uronic acid-sugar compound was purified 
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by solution in water and precipitation with alcohol. It had 
[a]2? = +79.6°. It gave the naphthoresorcinol test for a uronic 
acid (4), and the skatole test for a hexose sugar (5). When heated 
with 12 per cent hydrochloric acid (6), it gave 7.55 per cent carbon 
dioxide. The barium salt of a uronic acid combined with 2 mole- 
cules of a hexose sugar should give 7.51 per cent carbon dioxide. 
A portion of the barium salt was dissolved in a 4 per cent solution 
of sulfuric acid and heated in the autoclave at 120°. From the 
resulting solution crystalline d-galactose was obtained. This was 
identified by its rotation, [a]?® = +78°, and by oxidation with 
nitric acid to mucic acid melting at 217°. The remaining sugar 
syrup did not ferment and no other sugar could be detected. A 
second portion of the barium salt was heated with a mixture of 
bromine and hydrobromice acid according to the method of Heidel- 
berger and Goebel (7). From the resulting solution crystalline 
potassium acid saccharate was isolated. This was identified by 
its crystalline form and by conversion to the neutral silver salt 
((3) p. 102). This salt gave 50.33 per cent silver, while the theory 
for the silver salt of saccharic acid is 50.86 per cent silver. Evi- 
dently the uronic acid-sugar compound consists of d-glucuronic 
acid combined with 2 molecules of d-galactose. 

Composition of the Hemicellulose—The components are present 
in the proportion of 1 molecule of d-glucuronic acid to 2 molecules 
of d-galactose and from 20 to 65 molecules of pentose sugars. The 
analysis and behavior of the hemicellulose prove that a mixture 
is present. This mixture may consist of a xylan and a polyuronide 
containing d-glucuronic acid combined with 2 molecules of d-galac- 
tose and a series of molecules of /-arabinose. However, two 
polyuronides may be present, as in the case of the hemicellulose 
from oat straw (1). Attempts to separate the hemicellulose into 
definite compounds were not successful. 


SUMMARY 


Extraction of oat hulls with a 5 per cent solution of sodium 
hydroxide gave a mixture of hemicelluloses. After hydrolysis 
of the hemicellulose the sugars d-xylose and l/-arabinose and a 
compound of d-glucuronic acid with 2 molecules of d-galactose 
were found present. 
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THE INACTIVATION OF INSULIN 
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If the role of insulin may be conceived as that of a mediator in 
some enzymatic process concerned with carbohydrate metabolism, 
the study of the effect upon insulin activity of such a process as 
oxidation-reduction assumes fresh interest. The physiological 
function of this hormone is apparently associated with dithio 
(—S—S—) groupings (contributed most probably by combined 
cystine) as well as with amino and, perhaps, carboxyl groups (1). 
The activity is readily destroyed by reagents that can reduce dithio 
compounds. It has not yet been possible to show definitely that 
all of the sulfur of insulin (3.2 per cent) is accounted for by com- 
bined cystine, and the presence of other sulfur residues is still 
problematical. Accordingly, it seemed to us of interest first to 
study the effect upon insulin of several metallic compounds which 
are known to form with sulfhydryl compounds relatively stable 
mereaptide salts. The nitroprusside test for sulfhydryl groups in 
insulin is negative, but this is not conclusive of their absence. 
Such compounds as the thiolglyoxalines, thiolhistidine and ergo- 
thioneine, do not respond positively with this reagent which, in 
general, is somewhat unreliable. 

In this investigation there were studied the effects upon the 
activity of insulin of the metallic derivatives, cuprous oxide and 
phenylmercuric hydroxide, of the thiol compounds, ergothioneine, 
thiolhistidine, and thiolsalicylic acid, and of several other reagents. 


* This investigation was carried out under grants from the Common- 
wealth Fund of New York and Eli Lilly and Company, Indianapolis. 
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DISCUSSION 


Cuprous oxide and phenylmercuric hydroxide have been fruit- 
fully employed by one of us in the study of the activation chem- 
istry of certain enzymes (2). When insulin was treated with these 
reagents (alone or followed by the addition of sodium cyanide), 
there resulted no observable change in its activity (Experiments 
1to4,Table I). This is suggestive evidence merely for the absence 
in insulin of sulfhydryl groups that are concerned with the phys- 
iological response; or, alternatively, for the regeneration in vivo 
of the hormone from mercaptides if such derivatives had been 
formed. Indeed the possibility of reactivation by the organism 
necessitates in this type of investigation the closest scrutiny of the 
results if their gross misinterpretation is to be avoided. 

In a study of the action of hydroquinone upon insulin (in M/15 
NaeH PO, solution) it was found that the apparent rate of inactiva- 
tion is extremely slow at 0° and becomes significant at 25° only 
when air is present (Experiments 6 to 8). Since no inactivation 
by this reagent was observed in parallel experiments carried out in 
the presence of nitrogen (Experiment 12), it seems apparent that 
the loss of physiological activity in the presence of oxygen is due, 
not to an effect of the hydroquinone as a reductant, but rather to 
the action of quinone formed by oxygenation of the hydroquinone 
in the alkaline medium used. 

Benzoquinone has, in fact, been found to effect complete inac- 
tivation of insulin (in M/15 NazHPO,) either in air or in a nitrogen 
atmosphere (Experiments 9, 10, 11, 13). The rate of inactivation 
is relatively slow (Experiment 14). Moreover, when the hormone 
is dissolved in 0.01 n HCl, it is not inactivated during 20 hours by 
hydroquinone in the presence of air or by benzoquinone (Experi- 
ments 15 and 16). The inactivation by benzoquinone may result 
from some specific action, such as an addition reaction with the 
free amino groups of the insulin molecule, rather than by a direct 
oxidation. The colored, inactive material recovered by means of 
acidification from a benzoquinone-insulin reaction mixture (in 
M/15 NazHPO,) is found by analysis to have suffered a marked 
decrease in primary amino nitrogen (from 0.9 to 0.12 per cent). 
This might be taken as additional evidence that the presence of 
certain free amino groups in the insulin molecule is significant for 
its physiological action (1). 
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It has been shown by du Vigneaud e¢ al. (3), by Freudenberg and 
Iixyer (4), and by Wintersteiner (5) that insulin is inactivated 


TABLE 


Action of Various Reagents upon Insulin 


Experiments 7 and 10 were conducted at 0°; all others were carried out at 


room temperature. 


unless otherwise stated. 


Reaction mixtures were M/15 with respect to Na.HPO, 


Average blood 
sugar 
Ex- No. of | Dose Con- 
ee Crystalline insulin treated with rabbits| per y vul- 
No. used | animal bon. sions 
Nor- after 
mal injec- 
tion 
ma- 100 ml.| 100 mi. 
1 | Red Cu,0 12 20 | lll 63 2 
2 oc * + NaCN 12 “9 | 103 | 62 2 
3 C,;H;H gOH 13 ay 112 52 3 
4 ” + NaCNn 13 oy) | 114 | 48 2 
5 | NaCN 6 “» | 114 | 58 1 
6 stydroquinone, air, 24 hrs. 12 1 122 | 93 
7 24 (0°) 8 | 131 55 
8 Lhr. 8 ys | 102 | 49 
A) Benzoquinone, air, 24 hrs. 12 1 118 | 112 
10 a? 10 1 127 | 103 
11 10 $ | 122 | 133 
12 | Hydroquinone, N2, 20 hrs. 16 #; | 121 | 61 4 
13 | Benzoquinone, ‘‘ 20 16 1 114 | 1ll 
14 © ** 10 min. 16 0 104 | 52 2 
15 | Hydroquinone, air, 20 hrs. (in 8 vo | 132 | 46 4 
0.01 n HCl) 
16 | Benzoquinone, air, 20 hrs. (in| 14 so | 119 | 52 6 
0.01 n HCl) 
17 | Ergothioneine, N., 22 hrs. 12 2“) | 109 | 53 2 
18 | Thiolhistidine, “‘ 20 12 *y | 105 | 52 4 
19 | Thiolsalicylic acid, N2, 20 hrs. 8 3 110 | 8&4 
20 | Ascorbic acid, No, 20 hrs. 8 a) | 125 | 68 1 
21 ‘© Fett, No, 20 hrs.| 10 “, | 108 | 50 2 


under certain conditions by cysteine, HS-glutathione, and several 


other thiol compounds. 
irreversible. 


These inactivations are apparently 


We were interested in testing further the generality 


| 
| 
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of such actions, which have been plausibly attributed to the reduc- 
tion by these thiol compounds of dithio groupings in the insulin 
molecule. We find that thiolhistidine and ergothioneine have no 
effect on the activity of insulin under the conditions employed 
(Experiments 17 and 18), while the aromatic sulfhydryl compound, 
thiolsalicylic acid, renders the hormone almost inactive under the 
same conditions (Experiment 19). These results, taken with 
those of other workers in this field, might warrant the tentative 
generalization that those thiol compounds which have been found 
by a number of investigators to activate certain enzymes (urease, 
papain), presumably by reduction of dithio linkages in the revers- 
ibly inactivated enzyme molecules (2) are also able to inactivate 
insulin. Conversely, thiolglyoxalines, such as ergothioneine, 
which do not readily activate papain are incapable of inactivating 
insulin. 

The effect upon insulin of ascorbic acid (with and without added 
ferrous ion) was also tested. This seemed of interest because a 
mixture of ascorbic acid and Fe*+* has been shown to be a good 
“activator” of papain (6). No significant action of these reagents 
upon insulin was observed in this work (I¢xperiments 20 and 21). 


EXPERIMENTAL 


Preliminary experiments were carried out with an amorphorous 
insulin preparation (22 units per mg.). All the data of Table I 
were, however, obtained with crystalline insulin. About twenty- 
four rabbits were used in each test. The experiments were carried 
out on different days in order to exclude errors. The generally 
accepted procedure of standardization was used. For the reac- 
tions carried out in a nitrogen atmosphere there was employed a 
specially constructed all-glass apparatus, consisting essentially of 
two chambers, the contents of each of which could be independ- 
ently deaerated before being mixed. Nitrogen was purified by 
passage over heated copper oxide and copper in the usual manner. 


Treatment of Insulin with Various Reagents 


Metallic Compounds (Experiments 1 to 5)—Insulin, 5 mg., in 10 
ml. of 0.01 Nn H:SO, and 8 ml. of NasH PO, (containing 40 mg. of 
anhydrous salt) was shaken with 5 mg. of Cu2O for 2 minutes; after 
the mixture had stood 13 minutes, it was freed from residual CuzO 
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at the centrifuge, made up to volume, and the calculated amount 
was injected within 30 minutes. To half of the solution there were 
added 5 mg. of NaCN;; injection was made after 30 minutes. 

Insulin, 5 mg., in 10 ml. of NagH PO, (5 mg. per ml.) and 5 mg. of 
phenylmercuric hydroxide were shaken for 3 minutes, the mixture 
centrifuged after 17 minutes, and the supernatant fluid made up to 
volume; injection was made after 13 minutes. To half of the 
solution were added 5 mg. of NaCN; injection was made after 20 
minutes. 

Insulin, 2.5 mg., was dissolved in 25 ml. of H,O containing 0.025 
gm. of Nas2HPO, and 10 mg. of NaCN were added; injection was 
made after 30 minutes. 

Hydroquinone and p-Benzoquinone (Experiments 6 to 16)— 
Insulin was dissolved in a suitable volume of M/15 NagHPO, or 
0.01 n HCl, and twice its weight of hydroquinone or p-benzo- 
quinone was added; the solution was kept at the temperature and 
for the time indicated (Table I). In the experiments carried out 
in a nitrogen atmosphere, solutions of insulin and hydroquinone or 
quinone respectively were made up in two different chambers of 
the special apparatus previously referred to and mixed after being 
separately but simultaneously deaerated by rapid streams of pure 
nitrogen for 30 minutes. Caprylic alcohol was used as antifoam. 

Sulfhydryl Compounds (Experiments 17 to 19)—All experiments 
were carried out in nitrogen. Insulin, 1 mg., and ergothioneine, 10 
mg., were dissolved in 10 ml. of M/15 NazgHPO, and kept for 20 
hours. Experiments with thiolhistidine were carried out similarly. 
As a control of the procedure a test with glutathione was carried 
out under the same conditions; the anticipated inactivation was 
observed. 

Insulin, 3.2 mg., and thiolsalicylic acid, 6.8 mg. (neutralized), 
were dissolved in 8 ml. of M/15 NagHPQ,; injection was made after 
20 hours. 

Our ergothioneine was an analyzed product prepared from the 
hydrochloride (7) by the method of Benedict, Newton, and Behre 
(8). Thiolhistidine was prepared according to the directions of 
Ashley and Harington (9). Thiolsalicylic acid was a commercial 
product, purified by suitable crystallization from ethanol. 

Ascorbic Acid (Experiments 20 and 21)—Insulin, 1 mg., in5 ml. of 
M/15 NasHPO,, and ascorbic acid, 10 mg., in 5 ml. of NagHPO,, 
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were separately deaerated, mixed, and kept (under nitrogen) for 
20 hours. In a second similar experiment 5 mg. of FeSO,-7H2O 
were added to the solution of ascorbic acid. In neither case did 
inactivation result. Experiments carried out in 0.02 or 0.01 N 
HC] likewise resulted in no inactivation of the insulin. Substitu- 
tion in such experiments of air for the nitrogen atmosphere did not 
alter the outcome. 


We are indebted to Dr. R. FE. Gruber of Merck and Company, 
Inc., New York, for ascorbic acid and to Eli Lilly and Company, 
Indianapolis, for a supply of their insulin preparation. Our thanks 
are due also to Mr. IX. A. Evans, Jr., and to Mr. Robert Broh-Kahn 
for assistance in the preparation of thiolhistidine and ergothioneine. 


SUMMARY 


It has been shown that the metallic compounds, cuprous oxide 
and phenylmercuric hydroxide, which are known to form with 
certain sulfhydryl compounds relatively stable mercaptides and to 
inactivate reversibly certain enzymes, have no effect upon the 
activity of crystalline insulin under the conditions used. Insulin 
is readily inactivated when treated with benzoquinone in a nitro- 
gen atmosphere in M/15 Nas,HPO, solution but not in 0.01 nN HCI. 
Hydroquinone does not influence the physiological activity under 
the same conditions. It is indicated that the inactivation by 
benzoquinone may be attributed, at least in part, to its reaction 
with amino groups of the insulin molecule. Unlike cysteine and 
glutathione, the thiolglyoxalines, thiolhistidine and ergothioneine, 
do not inactivate insulin; thiolsalicylate ion, under comparable 
conditions, renders the hormone inactive. Ascorbic acid, alone 
or in the presence of ferrous ions, does not, under a variety of con- 
ditions tried, alter the activity of insulin. 
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A NOTE ON A CLOSED TITRATION FLASK FOR USE IN THE 
BROMOMETRIC DETERMINATION OF MAGNESIUM 
WITH 8-HYDROXYQUINOLINE 


APPLICATION TO THE ESTIMATION OF MAGNESIUM IN 
TISSUES AND URINE 


By DAVID M. GREENBERG, CARL ANDERSON, anp 
ELMA V. TUFTS 


(From the Division of Biochemistry, University of California Medical 
School, Berkeley) 


(Received for publication, July 29, 1935) 


While the bromometric method of determining magnesium with 
8-hydroxyquinoline is based on stoichiometric principles, the 
relatively high volatility of bromine may cause analytical difficul- 
ties if the bromination is carried out in an open vessel. When 
small quantities of magnesium are to be estimated, the loss of 
bromine by volatilization may lead to very large errors. In the 
method of Greenberg and Mackey (1) for the determination of 
magnesium in blood, this error was minimized by definitely timing 
the bromination reaction and by running parallel blank titrations 
under the same experimental conditions with each analytical 
series. In the hands of a careful analyst, this procedure yields 
accurate results. 

However, to avoid this rather difficult step, we have devised a 
simple means of preparing a closed titration flask which practically 
eliminates the possibility of loss of bromine by volatilization. A 
diagram of the flask is shown in Fig. 1. It consists of a 250 ml. 
capacity suction flask regularly used in the method of Greenberg 
and Mackey which is stoppered with a long stemmed glass funnel 
(6 inch stem). The funnel is fitted into a thoroughly paraffined 
cork stopper. 

In the side arm of the suction flask, as is indicated by the arrow 
in Fig. 1, there is introduced a bit of glass wool soaked in 20 per 
cent potassium iodide solution to trap the bromine from the air 
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which is displaced when liquids are introduced into the flask 
through the funnel. 

To carry out an analysis, the magnesium precipitate is filtered 
and washed as described by Greenberg and Mackey. The precipi- 
tate is then dissolved with strong hydrochloric acid and washed 
into the suction flask with water. With a pipette, 1 ml. of 50 per 
cent potassium bromide is introduced into the flask. Nowa fun- 
nel-cork unit is fitted into the mouth of the flask so that the lower 
end of the stem of the funnel is below the level of the liquid in the 
flask and a glass wool plug soaked with potassium iodide is pushed 
into the side arm with a small glass rod. 


L 


hic. 1. Closed titration flask for bromination 


Then 5 ml. of standard 0.005 M potassium bromate are added 
through the funnel from an accurately calibrated pipette and 
washed down with distilled water. The flask is gently shaken to 
mix the contents thoroughly and then allowed to stand for about 10 
minutes to permit the bromination of the hydroxyquinoline. At 
the end of this time, 1 ml. of 20 per cent potassium iodide solution 
is added to the flask through the funnel and washed down with a 
small quantity of water. The contents of the flask are again mixed 
and set aside for about 20 minutes to insure the complete reaction 
of the bromine with the iodide. The funnel is then removed and 
washed off with water to remove any adhering iodine. The glass 
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wool plug is pushed into the flask with a small glass rod and the 
rod and side arm are rinsed off with a stream of water. The iodine 
which has been formed is now titrated with 0.02 N sodium thio- 
sulfate in the usual manner, starch being used as the indicator. 


Estimation of Magnesium in Tissues and Urine 


The major problems involved in the analysis of tissues are in the 
methods of ashing and the means of removing iron. After consid- 
erable experimentation on our part with dry and wet ashing 
methods, it was concluded that dry ashing in an electric muffle was 
the most satisfactory procedure. For the removal of iron, Alten, 
Weiland, and Kurmies (2) have suggested that this element be 
precipitated with hydroxyquinoline at pH 5.0. At this pH value 
the magnesium remains in solution. Arnoux (3) suggests remov- 
ing the iron oxyquinolate after it is precipitated along with the 
magnesium by washing with chloroform in which the iron but not 
magnesium oxyquinolate is appreciably soluble. In our hands 
the method of Alten, Weiland, and Kurmies proved the more 
satisfactory. However, if a trace of iron oxyquinolate is carried 
down with the magnesium (this can be detected by the black 
coloration of the precipitate), it can be removed by washing the 
precipitate with chloroform. 

Procedure for Tissues— Dissect out the tissue and place it imme- 
diately into a tared, stoppered weighing tube or bottle to prevent 
evaporation. After the tissue in the tube has been weighed, it is 
transferred to a silica crucible and dried in an oven at about 100°. 
It is then ashed in the same crucible at the temperature of about 
500° in an electric muffle furnace. The subsequent treatment 
depends upon the magnesium content of the tissue sample and 
whether or not it is desired to estimate other substances besides 
magnesium. The lower limit of magnesium in the aliquot taken 
for analysis after iron and calcium have been removed is about 
0.02 mg. in a volume not greater than 10 ml.; the upper limit 
about 0.2 mg. The optimum amount for the analysis is between 
0.05 and 0.1 mg. of magnesium. 

In samples in which there is a plentiful amount of magnesium, 
the ash is dissolved in 1 N HC] and is transferred to a volumetric 
flask of suitable size which is then filled to volume. <A suitable 
aliquot portion of this solution is pipetted into a 25 ml. volumetric 
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flask and sufficient potassium oxalate,—usually 2 ml. of a 4.5 per 
cent solution are added to precipitate the calcium. Then a few 
drops each of glacial acetic acid and brom-cresol green or other 
suitable indicator are added and the pH is adjusted to about 5.5 
with 10 per cent sodium hydroxide. At this stage 2.5 ml. of the 
hydroxyquinoline solution are introduced to throw down the iron 
and the flask is filled to the graduation mark. If a considerable 
amount of iron is present, a black precipitate will form at once. 
However, if the amount of iron is quite small, no precipitate will 
appear, but the solution will turn dark. In such a case 2 or 3 
drops of 1 per cent ferric chloride are added to supply a sufficient 


TABLE J 
Test of Hydroxyquinoline Method for Determination of Magnesium in 
Tissues 
Magnesium 
. ‘ Test 
late 
mg. mg. 100 gm. 100 
Artificial salt solution....... 0.040 | 0.042 | Muscle...| 21.2 21.0 
0.030 | 0.028 | Liver..... 15.8 16.3 
Aliquot of whole rat........ 0.113 | Whole rat.) 31.2 30.7 
sé + 0.0516 


amount to induce the complete precipitation of the iron. After 
being allowed to stand for at least 2 hours, the contents of the 
flask are filtered through an ashless filter paper and an aliquot of 
the filtrate containing between about 0.05 to 0.1 mg. of magnesium 
is taken for analysis. The procedure from here on is the same as 
has been described by Greenberg and Mackey for blood. 

If the sample to be analyzed contains but little magnesium, the 
ash is dissolved in 1 N HCl and is directly transferred to a 10 ml. 
volumetric flask, a total volume of about 6 ml. of acid and wash 
water being used for this purpose. The precipitation of the cal- 
cium and iron is carried out in the same way as in the larger volu- 
metric flask with a proportionally calculated amount of the rea- 
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gent. After the calcium and iron precipitate are filtered out, an 
aliquot of as much as 8 ml. may be obtained for the magnesium 
analysis. 

Procedure for Urine—If no protein is present, 10 ml. of urine 
are pipetted into a 50 ml. volumetric flask, brom-cresol green or 
other suitable indicator is added, and the pH is adjusted between 
about 5 and 5.5 with 10 per cent sodium hydroxide or acetic acid 
as is required. There are now added 5 ml. of 4.5 per cent potas- 
sium oxalate and sufficient water to fill the flask. If the urine 
contains protein, 20 ml. of 10 per cent trichloroacetic acid are first 
added to the 10 ml. of urine to precipitate the protein. The acid of 
the protein-free filtrate is neutralized to the required pH in the man- 
ner just described and potassium oxalate added. After standing 
for 2 hours the calcium oxalate precipitate is filtered off. The 
procedure from here on also is the same as for blood. With 
normal urines, a 10 ml. aliquot of the filtered solution contains an 
amount of magnesium suitable for the analysis. If the magnesium 
level is suspected of being high, the aliquot used is correspondingly 
reduced. A few representative results obtained on the test 
materials used to check the method are given in Table I. 
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THE PREPARATION AND NUTRITIONAL VALUE 
OF HEPATOFLAVIN 


By F. J. STARE* 


(From the Laboratory of Biological Chemistry, Washington University School 
of Medicine, St. Louis) 


(Received for publication, July 13, 1935) 


Recent communications have considerably increased the know]l- 
edge and to some extent have led to a clearer understanding of the 
B. fraction of the vitamin B complex. With the chick as the 
experimental animal Elvehjem and Koehn (1) found that hepa- 
toflavin was not effective either in the prevention or cure of the 
experimental pellagra produced in their chicks. The fraction of 
the liver extract found to be effective in the treatment of their 
pellagra was contained in the residue after adsorption with fullers’ 
earth; flavins are removed by this material. They emphasize the 
belief that flavins should not be identified with vitamin B, because 
the flavins are inactive in the cure of pellagra. They propose that 
the name vitamin B, be reserved for the ‘‘antipellagric”’ factor. 

Using the rat as the experimental animal, Chick, Copping, and 
Edgar (2), Gy6érgy (3), and Harris (4) have established the fact 
that vitamin Be consists of at least two components, flavin and a 
supplementary substance which Gyorgy refers to as the “‘pellagra- 
preventing” factor and designates as vitamin B,. Flavin was not 
preventive of the “pellagra-like dermatitis” produced in their rats. 
It seems to affect only growth, though to be effective the supple- 
mentary action of Gyérgy’s vitamin Bg is necessary. 

Thus on the basis of experiments with chicks and rats it appears 
that vitamin B, is a complex made up of at least two components, 
flavin which is concerned essentially with growth and a supple- 
mentary substance likewise active in promoting growth, effective 
in the treatment of a “‘pellagra-like dermatitis,’’ and referred to as 
vitamin Bz by Elvehjem and Koehn but as B; by Gyorgy. 


* National Research Council Fellow. 
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At the time of publication of the papers mentioned above experi- 
ments were in progress in this laboratory on the preparation of 
flavin, its relation to vitamin Bz, its possible relation to the hema- 
topoietic factor of pernicious anemia, and the electrochemical 
behavior of the compound. In this paper the preparation of the 
flavin used will be reported, together with the experiments dealing 
with the question of its relation to vitamin By. 

For the assay of vitamin Be preparation rats have been used 
practically exclusively. Most of the assays with the rat are diffi- 
cult to interpret because of the usual inability to produce derma- 
titis consistently and the consequent necessity of depending upon 
growth records. Kline, Keenan, Elvehjem, and Hart (5) have 
emphasized the adaptability of the chick for vitamin B, and B, 
studies, and have described a method for the production of pellagric 
symptoms in the chick. In the experiments reported here both 
rats and chicks were used. The purpose of the experiments with 
rats was, first, to see whether or not the ration deficient in vitamin 
B. would produce a pellagra-like dermatitis as well as loss of weight, 
and, second, to learn the effect on these conditions of flavin and of 
the flavin-free residue after fullers’ earth adsorption. The object 
with the chicks was to confirm Elvehjem and Koehn’s! findings 
that flavin is ineffective in the treatment of chick pellagra and that 
the flavin-free residue of liver extract contains the active factor. 

Preparation of Flavin?—Flavin was prepared from beef, pig, and 
horse liver and from commercial liver extract.? Horse liver was 
found to be the most workable for large scale laboratory produc- 
tion and was used as the source of flavin for most of our 
experiments. 

On the basis of three simple experimental findings the procedures 
of Kuhn, Stern, Karrer, and others for the preparation of flavin 
have been shortened considerably. A flavin concentrate is 
obtained which serves well for nutritional and potentiometric 


1 Through personal communications with Dr. Elvehjem the author was 
aware of Elvehjem and Koehn’s experiments several months before they 
were published. 

2 A preliminary report of this preparation was presented before the meet- 
ing of the American Society of Biological Chemists at Detroit, April, 1935. 

3 We are indebted to Eli Lilly and Company and to the Lederle Labora- 
tories, Inc., for a generous gift of liver extract. 
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studies and from which crystalline flavin may be obtained by slow 
crystallization. The principal modifications are the precipitation 
in aleoholie solution by hot Ba(OH)s, the pH fractionation of the 
silver precipitation, and the extraction of the silver precipitate 
with hot dilute acetic acid and hydrogen sulfide rather than with 
acetic acid alone. A typical preparation is as follows: 20 kilos of 
fresh horse liver are freed from fat and connective tissue, finely 
ground, and stirred into 30 liters of boiling tap water, the boiling 
being maintained for 10 to 12 minutes. The material is allowed 
to cool to room temperature and then filtered through muslin. 


hia. 1, Photomicrograph of crystalline hepatoflavin 


Hydrochloric acid (to deep blue reaction with Congo red paper) 
and | kilo of English fullers’ earth are added to the clear greenish, 
yellow-brown extract. Adsorption is carried on for 3 hours by 
vigorous agitation with a mechanical stirrer. The fullers’ earth 
adsorbate is allowed to settle overnight, thoroughly washed by 
decantation with distilled HeO, and eluted repeatedly with a 
mixture composed of pyridine, methyl alcohol, acetic acid, and 
water. The clear, strongly green fluorescent eluate is concen- 
trated in a vacuum (or on a low temperature dryer) and diluted 
with ethyl aleohol to 75 per cent. The precipitate is removed and 
is thoroughly washed with 75 per cent alcohol, the washings being 
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added to the alcohol filtrate. Hot saturated Ba(OH), solution is 
added to the alcohol solution until complete precipitation is ob- 
tained. The heavy flocculent Ba precipitate is removed, treated 
with dilute H.SO,, and the BaSO, centrifuged off. 

The dilute H.SO, acid solution is treated with an excess of 5 
per cent AgNO; and the heavy brown silver precipitate removed 
and discarded. Ammonium hydroxide is carefully added to pH 
3 to 4 and the resulting silver precipitate removed. The pH 
is then brought to neutral by the addition of more NH,OH. The 
brick-red silver precipitate is removed and is then decomposed with 
hot dilute acetic acid and hydrogen sulfide. The silver precipitate 
obtained at pH 3.0 is similarly decomposed. This fraction con- 
tains less flavin and more impurities and was used for the prepara- 
tion of photoflavin. The acetic acid extract of the neutral silver 
precipitate was generally put through the silver fractionation three 
times. The final acetic acid extract is clear, strongly yellow-green 
fluorescent, and on slow concentration crystals of flavin gradually 
appear. Fig. 1 is a photomicrograph of crystalline flavin obtained 
by this procedure. 


EXPERIMENTAL? 


Rats -For the rat experiments, young albino female rats, 30 to 
40 gm. in weight, were placed in separate cages and fed the follow- 
ing basal ration: sucrose 66, casein 18, Crisco 10, Osborne and 
Mendel salt mixture (6) 4, cod liver oil 2, water ad libitum. 5 units 
of vitamin B, were given each animal per day from a preparation 
of “injectio oryzanin fortior”’ furnished by the Sankyo Company 
of Tokyo, Japan. All of the rats were kept on the basal ration 
for a period of 4 weeks to deplete their body stores of vitamin Be. 
At the end of this period they were divided into five groups of four 
animals each and fed the following diets: Group 1, basal ration 
only; Group 2, basal ration + 5 per cent whole dried horse liver; 
Group 3, basal ration + supplement made by concentrating the 
residual liquors after adsorption with fullers’ earth (fed at a level 
equivalent to 5 per cent of the original liver); Group 4, basal ration 
+ 50 micrograms of flavin per day; Group 5, basal ration + the 

* The author is greatly indebted to Dr. H. J. Smith and Mr. Schaefer of 


the Purina Mills Company for their generous cooperation and for the re- 
sources of their laboratory which were placed at his disposal, 
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supplements used in Groups 3 and 4. The supplements were 
orally administered to each rat daily, weekly weight records were 
kept, and observations for the onset of dermatitis noted. 
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Fic. 2. Growth records of rats 


Fig. 2 gives the growth curves for the rats. Those on the basal 
ration rapidly lost weight, and at the termination of the experiment 
only one animal was alive. Two of the animals that died and the 
one which did not all showed definite pellagra-like skin lesions. 
These skin lesions were first seen during the 4th week of the experi- 
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ments. ‘The animals on the basal ration plus the 5 per cent whole 
liver (Group 2) grew steadily and presented the appearance of 
healthy normal rats. It should be mentioned that this particular 
strain of rats is rather small and that the growth on the positive 
control diet is not as great as might be expected. The rats in 
Group 3, receiving the material left after fullers’ earth adsorption, 
were able to maintain their own weight and show a slight gain in 
weight. No dermatitis was observed in any of the rats in this 
group. ‘The animals in Group 4, receiving the flavin supplement, 
showed somewhat better growth than those in Group 3, but they 
were much below normal weight and three of the animals had 
distinct pellagra-like manifestations which were first seen at the 
beginning of the 5th week. During the 8th week the remaining 
animal in the group developed skin lesions. The rats in the group 
receiving both the flavin and the residual supplement (Group 5) 
showed good growth, though it was somewhat subnormal when 
compared with the positive control group. These animals had no 
skin lesions. 

Chicks—In the chick experiments, young chicks (barred Rock 
and Rhode Island Red) 44 to 47 gm. in weight were placed in 
individual cages and fed the basal Ration 240-H described by 
Kline, Keenan, Elvehjem, and Hart (5). The chicks were divided 
into five groups of four chicks each and fed the same type of supple- 
ments in the same proportion as in the rat experiments. Weight 
records were kept and the onset noted of any pellagra-like lesions. 

In Fig. 3 are given the growth curves for the individual chicks. 
It is observed that the chicks on the basal ration showed some 
growth, though much less than those receiving the liver supple- 
ment. Two of the chicks on the basal ration showed definite 
symptoms of pellagra during the 6th week and the third during 
the 8th week. These symptoms were principally crusty skin le- 
sions at the corners of the mouth and eye and upon the legs and 
feet. The lesions around the mouth gradually spread to the 
nostrils and the lower mandible and those beginning at the corner 
of the eye spread until the entire eye was closed. The chicks in 
Group 4, which received the flavin supplement, were practically 
the same in weight and general appearance as those on the basal 
ration only; both of the surviving chicks showed definite pellagra- 
like lesions. On the other hand, the chicks receiving as supple- 
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ment the residual non-flavin, non-adsorbed material (Group 3) 
showed good growth, no pellagric lesions, and were well feathered. 
Group 5, receiving both the residual supplement and the flavin 
supplement, were strong healthy chicks, somewhat heavier than 
those of Group 3, though they weighed rather less than those 
receiving 5 per cent liver. 


DISCUSSION 


Several interesting facts emerge from these investigations. 
First, no difficulty was found in producing a distinct pellagra-like 
dermatitis in the rats on the basal ration, which contained sucrose, 
rather than dextrin as the source of carbohydrate. Hogan and 
Richardson (7) reported that when sucrose rather than corn- 
starch was used in their vitamin B.-deficient diet, the incidence of 
dermatitis was much higher. Guerrant and Dutcher (8) have 
found that the demand for vitamins B and G increases when 
sucrose is fed as the sole source of carbohydrate, while the need for 
these vitamins decreases as the sucrose is replaced by dextrin. 
Thus it appears that the substitution of sucrose for dextrin is 
favorable to the appearance of dermatitis on vitamin B.-deficient 
diets. 

The results of our experiments with rats are in general agree- 
ment with those of the English investigators; namely, that vita- 
min Be is a complex consisting of flavin and a supplementary 
substance. Flavin does not prevent the pellagra-like condition, 
whereas a supplementary substance present in liver and not 
adsorbed by fullers’ earth does prevent this condition. Both these 
factors are necessary for proper growth. 

Our observations indicate that a supplementary material 
contained in liver and not adsorbed by fullers’ earth has the same 
effect and is possibly the same as the material obtained by Gyorgy 
from yeast and called by him vitamin Bs. Since we confirm the 
observations of Elvehjem and Koehn that this same liver fraction 
is effective in preventing the pellagric dermatitis also in chicks, it 
contains what these authors prefer to call vitamin Bo. The obser- 
vations are therefore not inconsistent with the view that Elveh- 
jem’s vitamin Bz and Gyorgy’s vitamin Bs may be identical. 
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SUMMARY 


1. A procedure is given for the preparation of flavin, which is 
shorter and less laborious than methods previously described. 

2. In experiments with both rats and chicks it is found that liver 
flavin, added to a vitamin B.-deficient diet does not prevent the 
appearance of dermatitis. Another substance present in liver 
does prevent this condition. Both flavin and this unknown sub- 
stance are necessary for growth. 


It is a pleasure to acknowledge the facilities afforded me by Dr. 
P. A. Shaffer, as well as his patient and valuable advice. 
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STUDIES ON ANNELID MUSCLE 
I. TAURINE IN AUDOUINIA SPIRABRANCHUS, MOORE 


By ALTON C. KURTZ anp JAMES MURRAY LUCK 
(From the Biochemical Laboratory, Stanford University, California) 


(Received for publication, July 2, 1935) 


A few studies upon the extractives of annelids have been re- 
ported which have been limited largely to investigations upon the 
whole animal (1-3). It therefore seemed desirable to us to study 
preparations of relatively pure samples of annelid muscle. Such a 
study was deemed the more necessary in view of the unique 
behavior of the phosphagen of worm muscle noted by Arnold and 
Luck (4). We have now investigated several species of annelids 
and closely related forms, concerning ourselves chiefly with a 
study of the nitrogen partition in the muscles, with the char- 
acterization of the phosphagens, and with attempted isolations of 
those nitrogenous extractives occurring in largest amounts. 

This paper reports the isolation of taurine from the polychztous 
annelid Audouinia spirabranchus, Moore. 

In the Vertebrata free taurine has been noted in beef extract (5), 
in fish muscle (6, 7) and roe (8), and in various tissues of elasmo- 
branchs (9). Among the invertebrates taurine has been reported 
in a variety of cephalopods (7, 10-13), pelecypods (14, 15), and gas- 
tropods (16-18) and in an echinoderm (19). We have failed to 
find any mention of the presence of taurine in an annelid. 

While we were pursuing another phase of our study of the extrac- 
tives of annelids, a considerable quantity of cm.-long crystals was 
obtained from a filtrate derived from several hundred gm. of whole 
worms of the species Audouinia spirabranchus, Moore. The yield 
from 295 gm. of the whole animals was 625 mg. of pure material, 
corresponding to 217 mg. per hundred gm. of worms. The crystals 
contained carbon, nitrogen, and sulfur; halogens and phosphorus 
were absent. The material was optically inactive. 40 mg. gave 
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no weighable residue upon ignition. The melting point could not 
be obtained with a sulfuric acid bath, but observations made 
during the ignition indicated that it lay considerably above 300°, 
higher than which the bath was not heated. Some slight decom- 
position took place above 240°. This was manifested by the 
appearance of a slight brownish color. The crystals did not lose 
their sharp edges, even at the highest temperature of the bath. 
Van Slyke amino nitrogen determinations by the micromethod 
gave values agreeing with that calculated for taurine. The 
approximately determined solubilities of the material in hot and 
cold water and in aqueous alcohol were the same as the solubilities 
of taurine. The appearance and optical behavior of the crystals 
under the polarizing microscope were identical with those of 
taurine crystals prepared synthetically (20) from sodium 2-bromo- 
ethane sulfonate. They also gave a deep blue color identical with 
that given by synthetic taurine when treated with phenol and 
alkaline hypochlorite (21) and were extracted from an aqueous 
solution by moist normal butanol in a manner similar to the syn- 
thetic product. 

Since these first crystals were obtained from an extract of the 
whole worms, it was obviously necessary to repeat the preparation 
with the muscles alone. This was done by eviscerating sufficient 
live animals to give 195 gm. of body wall muscle. This task re- 
quired 7 hours. On evisceration, the worms were dropped into 
the weighed amount of distilled water containing 0.5 per cent 
acetic acid and traces of mercuric chloride and copper sulfate. 
The heavy metals were present to inhibit enzyme action. When 
all the muscle had been added to the extracting medium, the whole 
was again weighed and heated to boiling for a few minutes. The 
coagulated protein was filtered off and the residue reextracted 
with hot water several times. The combined filtrates, just 
faintly acid, were evaporated, treated with basic lead acetate, 
filtered again, and treated with hydrogen sulfide to remove the 
excess lead. After removal of the lead sulfide the clear filtrate 
was evaporated on the steam bath until the volume was reduced 
to about 30cc. The material was then a thin syrup with the odor 
characteristic of muscle extracts. On its removal from the bath 
and cooling the syrup began to deposit erystals in about 15 min- 
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utes. After several hours in the refrigerator the crystals were 
filtered off and washed twice with 80 per cent and once with 95 
per cent alcohol. After drying in the desiccator, the crystals, 
now a very pale buff in color, weighed 4.69 gm. This corresponds 
toa yield of 2.4 percent. Reerystallized once from hot water with 
the addition of aleohol the taurine was pure white and gave 25.22 
per cent sulfur; calculated for taurine, 25.62 per cent. 

The thin syrup from the first crystallization above was taken to 
dryness at a low temperature and the residue repeatedly extracted 
with 100 ec. portions of boiling 80 per cent alcohol. The filtrates 
from a brown gummy material were again evaporated to small 
volume. On cooling, further quantities of taurine were obtained 
in the alcoholic extract. Recrystallization gave 0.68 gm. of white 
crystals. 

The residue left in the alcoholic extract was precipitated with 
30 per cent phosphotungstie acid in 5 per cent sulfuric acid. The 
filtrate from the voluminous precipitate was freed of sulfuric and 
phosphotungstie acids by means of barium hydroxide solution and 
the excess barium precipitated with carbon dioxide and, finally, 
sulfuric acid. The final filtrate so obtained was practically color- 
less. It was evaporated to a thick syrup and repeatedly extracted 
with boilmg 80 per cent alcohol. From the combined evaporated 
extracts a third crop of taurine crystals, slightly yellow in color, 
was obtained. The yield here, based on the amount of sulfur 
present, was 0.60 gm. The combined yield of the three crops was 
thus 5.97 gm., corresponding to over 3 per cent of taurine in the 
fresh muscle. In view of the considerable solubility of taurine 
and of the losses incident to isolation we feel that this value, though 
high, must be less than the amount actually occurring. 

The preparation of taurine from the whole worms was repeated 
several times and that from the muscle once. In the case of the 
whole animals they were killed by dropping into boiling 0.5 per 
cent acetic acid. The results of isolations are summarized here. 
It will be noted that in the second preparation from muscle even 
more taurine was obtained from the first crystallization than in the 
instance described in detail above. Total yields represent the 
analytically pure material. 
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Yield in 
Preparation Weight 

First crystallization Total 
gm. gm. per cent per cent 

115 2.92 2.55 Not worked up 

Whole animal............... 295 0.217 


The second batch of muscle was not worked up for its total 
taurine. However, extraction of the evaporated mother liquors 
with hot 80 per cent alcohol after the removal of the first crop of 
taurine gave a filtrate in which sulfur was determined. Values for 
sulfur were 0.467 and 0.468 per cent, based on the fresh muscle. 
Since inorganic sulfate and cystine are largely eliminated by the 
alcohol extraction, it appears reasonable to suppose that the sulfur 
found was due principally to taurine. The above figures indicate 
that 1.8 per cent of taurine escaped isolation in the single crystal- 
lization. This, added to the 2.55 per cent isolated, gives a total 
of 4.35 per cent. 

Even if no weight is attached to the latter case, the actual 
isolation of over 3 per cent of taurine from the first preparation of 
worm muscle indicates that in. Audouinia spirabranchus there is a 
larger percentage of a single nitrogenous extractive present than 
has ever been reported for any other muscle. Von Schroeder (22), 
using analytical rather than isolation methods, found an average 
of 1.95 per cent urea in the muscle of Scyllium catulus, the highest 
single value given being 2.16 per cent. Rao and Sreenivasya (23) 
have indicated that the lac insect contains in its water-soluble body 
fluids about 2.5 per cent of free tyrosine. These are the highest 
values we have seen reported and they are still below the value 
we find for taurine in Audouinia. 

The isolation of taurine from Audouinia spirabranchus caused 
us to search for this compound among other annelids and closely 
related forms. Attempted preparations of taurine from the 
polychetes Nereis brandti and Glycera rugosa, the oligochete 
Lumbricus sp., the sipunculid Urechis caupo, and the phoronidid 
Phoronopsis harmeri, by the method outlined above all gave 
negative results. By using a different method, incidental to other 
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studies, however, we isolated traces of taurine from the muscle of 
Nereis. Several hundred gm. of the body wall muscle were frozen 
with liquid air and powdered in an iron mortar. Proteins were 
precipitated by 25 per cent trichloroacetic acid at —5° to 0°. 
Cold saturated barium hydroxide was added to give pH 9.5 and 2 
volumes of alcohol were added. The white flocks which precip- 
itated were filtered off and the filtrate evaporated on the steam 
bath. During the evaporation the excess trichloroacetic acid, 
now present as the barium salt, decomposed with the formation 
of chloroform, which distilled off, and of carbon dioxide, which 
precipitated the barium. When a small volume was attained, the 
insoluble barium carbonate was filtered off and the filtrate taken 
to dryness, after which it was extracted first with absolute alcohol 
and then with repeated portions of 80 per cent alcohol. The aque- 
ous alcoholic filtrate, upon evaporation to a thick syrup and long 
standing, deposited a few crystals which could not be filtered off 
owing to the viscous nature of the mother liquor. The crystals 
were identified as taurine by comparison with the synthetic 
product and with a sample prepared from the muscle of the aba- 
lone (18). ‘Taurine crystallizes easily upon a slide and under the 
petrographic microscope appears as thick needles or well developed 
prisms with excellent terminations. The usual extinction angle is 
about 7.4°, which serves to distinguish taurine from sodium 
acetate which occasionally may give somewhat similar prisms but 
with extinction either parallel or much higher than that for taurine. 

Results of sulfur determinations upon the “taurine fraction,” 
that is, the fraction soluble in water and hot 80 per cent alcohol 
but insoluble in absolute alcohol, for four of the forms investigated 
are tabulated below. It will be noted that in no case can there 
possibly be as much taurine as in Audouinia. Sulfur was deter- 
mined by sodium peroxide fusion. 


Species S in fresh sample 
mg. p® en 
Nereis brandti............ rhea Muscle 25.4 
Phoronopsis harmeri............ Whole animal + tube | 5.49 
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Analyses by the Kjeldahl method of aqueous extracts of A udout- 
nta muscle which had been freed from protein by means of tungstic 
acid gave an average total non-protein nitrogen content of the 
muscles of 809 mg. per cent, individual samples varying widely 
between 608 and 999 mg. per cent. Approximately one-half of 
the total non-protein nitrogen was determinable gasometrically as 
amino nitrogen; the average value found was 416 mg. per cent of 
the fresh muscle. In a mixed sample giving 723 mg. per cent of 
total non-protein nitrogen phosphotungstic acid precipitated 204 
mg. percent. Since taurine contains 11.2 per cent amino nitrogen, 
it is apparent that it is responsible for the preponderant part of the 
amino nitrogen in the extracts. This relationship is the more 
interesting when considered along with the fact that the average 
value for amino nitrogen in Nereis muscle extracts was 420 mg. 
per cent, essentially the same as in Audouinia. and yet sulfur 
determinations on Nerets indicate that only small amounts of 
taurine could possibly be present. In the latter the average total 
non-protein nitrogen was 722 mg. per cent; in a single specimen of 
the third polychete examined, Glycera, it was 590 mg. per cent. 
Fractionation of the portion soluble in hot 80 per cent alcohol by 
the silver-barium hydroxide method indicated that in Nereis the 
lysine fraction contained 476 mg. per cent of nitrogen, of which 
the amino nitrogen accounted for 214 mg. per cent. Determina- 
tions of the volatile bases in Audouinia and in Nereis by the 
method of Parnas and Heller (24) gave the small values of 2 mg. 
per cent in the former and 5 mg. per cent in the latter, calculated 
as ammonia. 

Why taurine in relatively huge quantities should be restricted to 
only one of the six animals we have studied, we cannot explain. 
Of the four true annelids, of course, only Audouinia spirabranchus 
belongs to the order Cryptocephala. It is interesting to note that 
Audouinia, Nereis, and Glycera were all taken at ebb tides during 
April, May, and November at Pillar Point, California, occasionally 
within a few feet of each other, but that only around Audouwinia 
was found black mud with a sulfide odor. When these animals 
were found in isolated positions in yellow sand, the black mud was 
a striking dark band a em. thick and concentric with the worm 
tube. This may possibly indicate that the taurine in this species 
is an excretory product, and that bacteria reduce the sulfur in the 
excreted material to sulfides. 
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A second possible function of taurine is suggested by its high 
concentration. As a zwitter ion taurine would give 1 ion per 
molecule at the isoelectric point and 2 ions when present at a 
pH far removed from it. Hence if 2 ions are present for each 
molecule and if the muscle is 75 per cent water, the osmotic pres- 
sure calculated for 3 per cent taurine is over 14.4 atmospheres. 
Thus in Audouinia taurine alone is present in sufficient amounts 
to balance a large proportion of the osmotic pressure of the sur- 
rounding sea water. We further regard the apparent limitation 
of the possession of large amounts of muscle taurine to the marine 
animals as extremely suggestive in this connection. For the 
marine molluscs in particular has taurine been reported in con- 
siderable quantities, frequently in amounts approaching or even 
exceeding 1 per cent. We have ourselves isolated 0.78 per cent of 
the triply recrystallized material from the abalone, Haliotis 
rufescens, and have failed in several attempts to find taurine in the 
whole organism or in the muscle of a terrestrial pulmonate. How- 
ever, if it is indeed the function of taurine in marine invertebrates 
to help maintain a high internal osmotic pressure, then this func- 
tioning is largely limited to certain species or possibly to certain 
orders. 


We wish to express our thanks to Dr. Olga Hartman of the 
Department of Zoology at the University of California, who so 
graciously identified the polychetes studied, and also to those 
individuals who assisted in the collection of experimental material. 


SUMMARY 


Taurine has been isolated from the muscles of the annelid, 
Audouinia spirabranchus, Moore, in amounts up to 3 per cent, 
exceeding, therefore, values for any nitrogenous extractive hitherto 
reported. Several other annelids or related organisms contained 
little or no taurine. 
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CHEMICAL STUDIES ON THE ADRENAL CORTEX 
I. FRACTIONATION STUDIES ON HORMONE CONCENTRATES* 
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Surgeons, Columlia University, New York, and the Biological 
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(Received for publication, July 26, 1935) 


During the past 2 years we have been engaged in chemical 
studies of cortical hormone concentrates with the view of isolating 
the active principle in pure form. Although we have not yet 
attained this aim, we wish to record a summary of our experiences 
to date, as considerable progress has been made in the fractiona- 
tion of the purest products available 2 years ago. It is of course 
impossible to record the details of all our experimental work 
during this period. In the following we shall confine ourselves 
to a detailed description of those experiments only which have 
proved to be definitely fruitful, while the results of others will be 
given without supporting data. 

Assay Method—The dog method of assay (1) was used in esti- 
mating. physiological activity. ‘The method consists in determin- 
ing the minimum daily kilo dose of a preparation which, when 
administered over a period of 7 days to adrenalectomized dogs, 
will maintain the blood urea nitrogen and clinical condition of the 
animals in an essentially normal state. The minimum daily kilo 
dose constitutes 1 dog unit. The test animals are standardized 


* This work was supported in part by a grant from the Josiah Macy, Jr., 
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against a single preparation of hormone and are maintained under 
standardized conditions with respect to their care, management, 
and diet. The detailed technique as employed in these studies 
has been described (2). In earlier work each series of fractions 
was assayed on the same animals and the results obtained indicated 
the error of determination to be approximately +25 per cent. 
This procedure proved to be too time-ccnsuming. In the present 
study fractions of one series were assayed on different dogs. Our 
results indicate the error of determination to be approximately 
+50 per cent. In 1932 Loeb (3) observed the beneficial effect of 
orally administered sodium chloride in the treatment of Addison’s 
disease. Loeb, Atchley, Benedict, and Leland (4) in the following 
year demonstrated a markedly negative sodium balance in the dog 
following adrenalectomy, the loss of sodium occurring through the 
kidney. Harrop, Soffer, Ellsworth, and Trescher (5) showed that 
the hormone requirement of the adrenalectomized dog was mark- 
edly increased on a salt-free diet. Important as these observations 
were from a physiological and therapeutic point of view, they did 
not invalidate any of our conclusions drawn from assay results 
concerning the extraction and purification of the hormone. When 
we started to use the dog in assay work in 1931, a fixed dietary 
régime was adopted and a daily record kept of food consumption 
for each animal. Under our conditions of assay the test animal 
ingests an average of approximately 0.25 gm. of sodium chloride 
per kilo perday. The dogs are allowed to become well accustomed 
to the diet before being used for assay purposes. The necessity 
of uniform dietary conditions and the avoidance of voluntary 
fasting during the assay period were emphasized in the description 
of our assay technique, since we had observed that the hormone 
requirement of the adrenalectomized dog was increased by fasting 
and decreased by the oral administration of sodium chloride during 
the fasting period (2). Assays of purified fractions were usually 
started on a dosage level of 10 or 20 micrograms per kilo of body 
weight per day. The dose was halved at 7 day intervals until the 
end of the assay was reached, as indicated by an abrupt rise in the 
blood urea nitrogen. With our more highly active fractions the 
assay periods were of 3 to 6 weeks duration. During this interval 
there was a gradual decline of 6 to 13 milli-equivalents per liter in 
the serum sodium (average, 9 milli-equivalents in ten assays). <A 
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similar gradual decline in the serum sodium occurred during assays 
of our crude starting material. This same type of crude material 
was used at higher dosage levels to recondition the test animals for 
further assay work. Products were considered to be physiologi- 
cally inactive if the test animals came promptly (4 to 10 days; 
average, 6 days in twenty assays) into acute cortical insufficiency 
on a dosage level of 20 micrograms or more per kilo per day; the 
criteria of acute insufficiency being a rise of 100 per cent or more 
in the blood urea nitrogen, a decline in the serum sodium of 5 to 10 
milli-equivalents (average, 7 milli-equivalents in seventeen assays), 
and usually clinical failure with one or more of the following 
symptoms: asthenia, spasticity, vomiting, and anorexia. Twoor 
more animals were used in testing each product. With crystalline 
materials the number of animals and the dosage levels employed 
were dependent on the quantities available. 

Fractionation Methods—The hormone concentrates employed in 
the present investigation were prepared by methods previously 
described (6), with various minor modifications. A short sum- 
mary of these earlier preparative steps starting from the gland 
may not be out of place here. Whole beef glands are extracted 
with aleohol. The aqueous sludge resulting from the removal of 
this solvent is extracted with benzene, which leaves most of the 
adrenalin behind. The residue from the benzene solution is 
extracted with acetone. The acetone-soluble material is distrib- 
uted between petroleum ether and 70 per cent alcohol. The alco- 
holic phase which contains the hormone is freed from adrenalin 
and certain other impurities with permutit. Further purification 
is effected by distribution procedures, taking advantage of the 
solubility of the hormone in both aqueous media and solvents such 
as ether and henzene. The earlier concentrates were prepared by 
shaking the hormone from an ether solution into 0.05 nN hydro- 
chloric acid. After neutralization the solution is concentrated, 
reacidified, and the hormone extracted with ether. The hormone 
is then transferred from an ether solution to a 2 per cent solution 
of sodium bicarbonate. This in turn is neutralized, concentrated, 
made alkaline again with bicarbonate, and the hormone washed 
back into ether. This distribution procedure effects about a 10- 
fold concentration of activity and adduces evidence for the essen- 
tially neutral character of the hormone. Concentrates prepared 
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in this manner from 100 kilos of glands contained 1.0 to 1.2 gm. of 
solid material and assayed from 100 to 200 dog units per mg. In 
order to facilitate discussion, this type of material will be referred 
to as “ether concentrate.”’ 

Further work convinced us that these fractions still constituted 
highly complex mixtures. They were subjected to chemical 
examination in the hope of finding a characteristic property which 
could be definitely connected with the activity. Although we have 
found no reaction which we can ascribe specifically to the hormone, 
a brief discussion of our findings in this connection may be of 
interest. In view of Kendall’s suggestion (7), later abandoned by 
him, that adrenalin was an essential part of the hormone molecule, 
the nitrogen content of various ether concentrates was determined 
and found to range between 1 and 3 percent. Fractionation with 
warm benzene and subsequently with toluene yielded highly 
potent material (200 to 400 dog units per mg.) containing as little 
as 0.14 to 0.2 per cent of nitrogen. This was taken as presumptive 
evidence that the hormone was not a nitrogenous compound. We 
have subsequently found that the nitrogen content of the ether 
concentrates can be accounted for at least in part by the presence 
of the diketopiperazine described in the following paper. The 
sulfur and ash content of ether concentrates is negligible. 

The ether concentrates give no precipitates with picric acid, 
flavianic acid, and heavy metal salts. A slight precipitation is 
sometimes observed with phosphotungstic acid. The Molisch 
test is negative, but on addition of a few drops of an alcoholic 
solution of a-naphthol to the aqueous solution of the hormone a 
white colloidal precipitate is formed, which when centrifuged 
carries down a part of the activity. However, there is no propor- 
tionality between the intensity of this reaction and the physiolog- 
ical potency in different fractions, and highly potent fractions were 
obtained subsequently which failed to give this reaction. 

The ether concentrates reduce Benedict’s solution slightly in the 
cold and very markedly on heating. The total reducing power per 
unit weight is about one-fourth of that of glucose as determined 
by the Hagedorn-Jensen method. In fractionating with the reduc- 
ing power as a guide we soon established the presence of several 
reducing substances not related to the physiological activity. A 
part of the total reducing power is accounted for by a strongly 
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reducing factor, which reduces ammoniacal silver solution of pH 
8.6 instantaneously in the cold. This factor is not ascorbic acid. 
It can be readily eliminated without loss of activity by substituting 
benzene for ether in the above distribution procedure, as discussed 
later. Furthermore, two of the physiologically inactive com- 
pounds described in the following paper possess reducing proper- 
ties. Hence the determination of the reducing power cannot be 
used as an index of physiological potency. 

A constant property of the ether concentrates is their capacity 
to yield copious precipitates instantaneously in the cold when 
phenylhydrazine or its p-nitro and p-carboxy derivatives are 
added to its solution in dilute acetic acid. The activity is 
precipitated quantitatively by this reaction. This is not due 
to adsorption of the hormone to the bulky precipitate, since the 
supernatant liquids obtained by repeated precipitation of phenyl- 
hydrazine precipitates from alcoholic solution with water proved to 
be likewise inactive. The same was true of the precipitate when 
injected in suspension. The precipitates could not be obtained 
in crystalline form. The activity could be regenerated by treating 
these precipitates with an excess of benzaldehyde in aqueous alco- 
hol. The benzaldehyde phenylhydrazone and excess benzalde- 
hyde were removed by filtration and extraction with petroleum 
ether. The regenerated products thus obtained were active, but 
the recovery of activity showed considerable variation (25 to 100 
per cent) in different experiments. The regenerated products 
resembled the starting material in regard to reducing power and 
intensity of the a-naphthol reaction. The factor which reduces 
ammoniacal silver at pH 8.6, however, was absent. Further exami- 
nation of the regenerated products indicated that they were not 
homogeneous. This could be also inferred from the observation 
that the amounts of phenylhydrazine precipitate obtained under 
identical conditions from different fractions did not parallel 
their physiological potency. The regenerated products proved 
to be refractory to purification and therefore this reaction was 
abandoned as a preparative step. However, these experiments 
yielded the information that the hormone forms a hydrazone 
very readily in the cold. That the phenylhydrazine precipitates 
represent in all probability hydrazones and not osazones can be 
concluded from the above regeneration experiments, and further- 
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more from data on absorption in the ultra-violet region (only one 
maximum at 301 mz). It is conceivable that the low yields of 
activity in some of the regeneration experiments were due to a 
partial conversion of the hydrazone into an osazone during pro- 
longed standing of the reaction mixture. 

Benzoylation in pyridine of an ether concentrate led to complete 
inactivation of the hormone. No crystallizable products could be 
obtained from this reaction, nor on treatment with p-nitrobenzoyl 
chloride or with acetic anhydride in the same solvent. 

Benzene Concentrates—If benzene is substituted for ether in the 
distribution procedure, only 0.4 to 0.5 gm. of solids, which, how- 
ever, assay about 250 dog units per mg., is obtained from 100 kilos 
of glands. These “benzene concentrates” contain much less of 
the contaminant reacting with a-naphthol and are free from the 
factor which readily reduces ammoniacal silver. The latter is 
retained in the two aqueous phases. Therefore the use of this 
solvent was preferred to that of ether in the routine preparation of 
concentrates. The distribution procedure is summarized in Dia- 
graml. Inviewof the fact that the distribution coefficient of the 
hormone between benzene and an aqueous phase is 1:3 or 1:4, 
extensive washing with benzene is necessary in order to recover 
the activity quantitatively in the concentrate. It is obvious that 
this type of distribution cannot be very selective from the stand- 
point of complete separation of the hormone from certain im- 
purities, but our object at this stage was primarily to concentrate 
the hormone as quantitatively as possible. 

Further Treatment of Benzene Concentrates—Kxtensive fraction- 
ation experiments on benzene concentrates failed to yield products 
with markedly higher potency than that displayed by the con- 
centrates themselves. We interpret this as indicating that the 
percentage of impurities was less than the error of the assay tech- 
nique, which in this series of fractionation experiments was approx- 
imately +50 percent. Our further efforts were therefore directed 
to the preparation of homogeneous products regardless of scatter- 
ing of activity. In the course of these studies several inactive 
crystalline compounds were obtained in small amounts, which will 
be described in the following paper. These compounds will be 
arbitrarily designated as Compounds A, B, C, D, and E in the 
course of the discussion. The final active fraction has thus far 
resisted all efforts at crystallization. 
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D1saGRAM 1 


Method of Preparation of Benzene Concentrate from Permutit-Purified 
Fraction* 


Permutit-purified fraction from 100 kilos 
beef adrenal gland, 11.9 gm. assaying 
15 dog units per mg. 


- Dissolved in 75 ec. ether and 50 cc. 

0.05 N HCI, acid phase drawn off, 
| and ether solution washed 7 times 
25 ec. 0.05 n HCl 


| 
Acid solution Ether-soluble (discarded) 
7.0 gm. 


Neutralized, concentrated 
to 50 ec., acidified, and 
extracted 10 times with 
100 ec. benzene 


Benzene solution Acid-soluble (discarded) 3.5 
gm. 
Concentrated to 50 ce. 
and extracted 8 times 
with 25 ec. 2 per cent 
NaHCo,; 
NaHCo, solution (discarded) 
| 0.8 gm. 
Neutralized, concentrated 
to 50 ce., 1 gm. NaHCO, 
added, and extracted 10 
times with 100 ec. benzene 
Benzene solution NaHCoO;-soluble (discarded 
| 0.2 gm. 


| To dryness 
Benzene concentrate, 450 mg. 
assaying 250 dog units per mg. 


* The assay figures given are averages of results obtained on two prep- 
arations. 


The method of fractionating the benzene concentrates can best 
be illustrated by the following description of a typical experiment. 
The benzene concentrate from 100 kilos of gland weighing 452 
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DIAGRAM 2 


Simplified Flow Sheet of Fractionation of Benzene Concentrate from 100 Kilos 
of Adrenal Gland* 


Benzene concentrate, 450 mg. assaying 
250 dog units per mg. 


Extracted with warm 
benzene 


| | | 
Residue, 19mg. (1) Deposit, 203 mg. (2) Benzene-soluble, 230 mg. (3) 


Dissolved in ethyl alcohol and 2 precipitations with 
pptd. with 9 ” umes water petroleum ether 


7 
| | | | 
Solution Ppt.,36mg. Ppt.,116mg. Combined super- 
natants, 112 mg., 
<30 dog units per 
mg. (6) 


Chilled Chloroform solution 
pptd. with carbon 
tetrachloride 


Crystalline pa Supernatant 
22 mg., <25 it 
(4) Ppt., 76mg. (7) Supernatant, 40 mg. 
Extracted with 300 ‘or units per 


benzene | mg. 


Fractionated 

Aqueous solution, Benzene solution, with chloroform 
23 mg., <50 dog 122 mg. 
units per mg. (5) 


L 


Fractionated with Chloroform-insoluble Chloroform- 


cold is ee crystals, 10 mg. soluble 
(11) 
Chloroform-insoluble Chloroform- 
crystals, 35 mg., <50 soluble, 87 
dog units per mg. (10) mg. ) 


Final active fraction (12), 
153 mg. assaying 400 dog 
units per mg. 


* The assay figures given are averages of results obtained on two prep- 
ae The figures in parentheses designate the fractions referred to in 
the text. 


_ 
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mg. was extracted with 8 cc. of benzene for 15 minutes at 60-70°. 
The clear warm supernatant solution was removed and thoroughly 
chilled. A granular deposit formed at the bottom of the flask. 
The whole procedure was repeated once with the same amount of 
solvent, and the deposits and supernatant liquids of both extrac- 
tions were combined. Thus three fractions were secured (Frac- 
tions 1, 2, and 3, Diagram 2). The activity was about equally 
divided between the deposit and the benzene-supernatant fluid. 
The highly pigmented residue (Fraction 1), which weighed 19 mg., 
was discarded. 

Fraction 2—The deposit after drying was dissolved in 2 cc. of 
alcohol and 18 cc. of water were added to the solution. A highly 
pigmented oil was thrown out which was removed at the centrifuge 
and discarded. The aqueous supernatant solution was allowed to 
stand several days in the refrigerator, and a small amount (20 to 
30 mg.) of a semicrystalline deposit formed (Fraction 4) which was 
physiologically inactive. This fraction on recrystallization yielded 
Compound B. The yield of crystalline material was not increased 
by further reducing the volume but keeping the alcohol concentra- 
tion constant. The solution was then extracted six times with an 
equal volume of benzene, in order to reclaim the hormone, and the 
aqueous phase discarded. The benzene solution was brought to 
dryness, the residue taken up in 2 cc. of chloroform, and the 
chloroform solution allowed to come slowly to dryness in a desicca- 
tor over paraffin and CaCly. In this way a portion of the formerly 
syrupy material was converted into a granular semicrystalline 
mass. One-fourth of the weight of this fraction was then obtained 
in the form of an inhomogeneous crystalline material by washing 
with small volumes of chloroform (Fraction 10). From this in- 
active mixture Compound D was eventually isolated. The chloro- 
form solution (Fraction 9) after removal of the crystals contained 
most of the activity and was combined with Fraction 12 (see below). 

Fraction 3—The benzene solution was concentrated to 8 cc. and 
3 volumes of petroleum ether were added. The oily precipitate 
thus obtained was reprecipitated in the same manner. The 
solvents were removed from the combined supernatant fluids and 
on long standing the fraction crystallized. From this inactive 
fraction Compound E was isolated. The petroleum ether precipi- 
tate was dried and dissolved in 2 ec. of chloroform, and 6 volumes 


> 
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of carbon tetrachloride were added.' After standing in the 
refrigerator overnight the clear supernatant liquid was removed 
and the precipitate dried. The supernatant liquid contained 
appreciable activity, but was definitely more oily than the precipi- 
tate. The latter highly active fraction when dissolved in chloro- 
form was converted into a partially crystalline mass on slow 
removal of the solvent. No other solvent was found in which 
crystallization could be induced. We encountered considerable 
difficulty in separating these needle- and whetstone-shaped crystals 
from the adherent syrup. Only a few mg. of inhomogeneous 
crystalline material were obtained by washing with chloroform or 
ethyl acetate, from which we were unable to isolate a pure com- 
pound. The top fractions obtained on recrystallization of this 
material from dilute methyl alcohol or methyl alcohol-ethyl acetate 
showed melting points between 180—-195° and reduced Benedict’s 
solution on heating. It is possible that we were dealing here with 
either Compound B or D in impure form. The limited amount of 
crude chloroform-insoluble crystals precluded a conclusive deter- 
mination of the physiological potency. The data thus far obtained 
indicated a potency of less than 100 dog units per mg. On the 
other hand, the chloroform-soluble fraction, after separation of 
the crystals, assayed 400 dog units per mg. This material was 
combined with the chloroform-soluble fraction (Fraction 9) from 
the benzene deposit. The combined fraction weighed 153 mg. 
It represents the most homogeneous and potent material which 
we have thus far been able to obtain, but it is undoubtedly still a 
mixture. 

An outline of the fractionation of a typical benzene concentrate 
is given in Diagram 2. The weights given for the various frac- 
tions in the diagram are those of a typical experiment. The 
potency figures, however, represent type assays conducted on 
corresponding fractions in a series of identical experiments. Be- 
cause of the limited number of test animals available and the time 


1The use of carbon tetrachloride was suggested by an earlier observa- 
tion that the contaminating factor reacting with a-naphthol was easily 
extracted with this solvent from dilute alcohol, while the hormone was 
retained in the aqueous alcoholic phase. A similar but less quantitative 
separation can be effected by precipitating the activity from chloroform 
solution with carbon tetrachloride, and this more convenient method was 
finally adopted as a preparative step. 
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consumed in each assay, a few of the smaller fractions of unpromis- 
ing appearance were not assayed, since most of the activity could be 
accounted for in the fractions from which they were separated. 

General Remarks on Fractionation of Benzene and Ether Concen- 
trates—Fractionation with warm benzene as described above 
was first developed with ether concentrates. The latter type of 
concentrate weighed from 2 to 3 times as much as the benzene 
concentrates. From the benzene deposit, corresponding to 
Fraction 2 in Diagram 2, Compound B was first isolated, but in 
addition two other inactive crystalline compounds, Compounds 
A and C, were found in this fraction which were absent in the 
corresponding fraction from the benzene concentrates. With 
ether concentrates the residue (corresponding to Fraction 1, 
Diagram 2) which remained after extraction with benzene weighed 
about as much as the deposit. This residue also contains Com- 
pounds A and C. Most of the contaminating factor reacting with 
a-naphthol was found in the benzene solution (corresponding to 
Fraction 3, Diagram 2). This observation, indicating a high 
solubility of this contaminant in benzene, led to the adoption of 
benzene instead of ether in the distribution procedure summarized 
in Diagram 1. As mentioned above, most of this contaminating 
substance can be eliminated by the benzene distribution. 

The treatment of an ether concentrate with warm benzene 
affords a definite partition of activity, which is found to be con-. 
centrated in the benzene-soluble part, although the residue and 
particularly the deposit retain some activity. It will be recalled 
that such is not the case when the same procedure is applied to a 
benzene concentrate, in which case the activity is distributed 
about equally between the benzene-soluble portion and the benzene 
deposit. Still fractionation with warm benzene was retained in 
working up the latter type of concentrate, since it enabled us to 
recover appreciable amounts of Compound B from the benzene 
deposits. 

Properties of Final Active Fraction (Fraction 12, Diagram 2)— 
This fraction is a pale yellow syrup easily soluble in absolute and 
dilute methyl and ethyl alcohols, acetone, chloroform, ethyl acetate, 
pyridine, dioxane, and glacial acetic acid. It is sparingly soluble 
in water, ether, and benzene, and insoluble in petroleum ether 
and carbon tetrachloride. The nitrogen content of fractions of 
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this type was determined in only one instance, and was found to be 
1.6 per cent. As mentioned in the first part of the paper it is 
highly probable that the hormone is nitrogen-free. The nitrogen 
in the final fraction is probably due chiefly to the presence of 
Compound E, which is difficult to remove on account of its similar 
solubility properties. On distillation in a vacuum of 10-4 mm. a 
partly crystalline product was obtained at temperatures above 100° 
which, however, represented only about one-tenth of the weight of 
material used. It was found to be physiologically inactive and 
probably consisted chiefly of Compound E. Finally the tempera- 
ture was raised to 190° for several hours. No further distillate 
was obtained. The non-volatile residue was completely inactive. 

The active fraction reduces Benedict’s solution on heating. It 
likewise reduces cold ammoniacal silver solution at strongly alka- 
line reaction, but not at pH 8.6. It still gives a positive a-naph- 
thol reaction. The fuchsin-sulfurous acid reaction is negative 
even after prolonged standing. It does not give an insoluble 
semicarbazone, oxime, or dimedon derivative from dilute 
alcohol. With phenylhydrazine in 10 per cent acetic acid it 
yields about an equal weight of a yellow amorphous precipitate 
(C 70.63, H 7.20, N 7.44). Treatment of the active fraction 
with a 10 per cent sodium bisulfite solution yielded only a negligible 
precipitate. The activity could be easily extracted with chloro- 
form from the bisulfite solution. This speaks against the aldehyde 
nature of the hormone. Its solution in alcohol shows selective 
absorption in the ultra-violet region at 236 my (concentration 35 
mg. per liter, length 1.0 cm., density 0.8). It may be mentioned 
that the inactive compounds, Compounds A, B, and E, exhibit no 
absorption in the ultra-violet region. We propose to evaluate this 
property in further fractionation studies. This type of spectrum 
seems to eliminate the possibility that these fractions contain 
phenols or other benzenoid compounds. On the other hand, it 
indicates the presence of an a,fB-unsaturated ketone in the active 
fraction. The fact that no derivatives could be obtained with 
semicarbazide and hydroxylamine does not necessarily contradict 
this explanation, since other groups may be present in the mole- 
cule concerned which render the derivatives soluble. The presence 
of hydroxyl groups in the hormone is indicated by the inactivation 
on treatment with benzoyl chloride and pyridine. 
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SUMMARY 


Fractionation experiments are described by which more homo- 
geneous, non-crystalline preparations of the cortical hormone were 
secured, which assayed 400 dog units per mg. 

The properties of this concentrate are discussed. 
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CHEMICAL STUDIES ON THE ADRENAL CORTEX 


II. ISOLATION OF SEVERAL PHYSIOLOGICALLY INACTIVE CRYS- 
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In fractionation studies on hormone concentrates reported in 
the foregoing paper several crystalline fractions were obtained 
which proved to be physiologically inactive by our method of 
biological assay. The purpose of this communication is to de- 
scribe the isolation and properties of five compounds obtained 
from these fractions. The original active starting material from 
which all these compounds were obtained, namely the ‘ether’ 
and “benzene concentrates” previously described, assayed 100 
dog units per mg. or more in every instance. The fact that only 
inactive compounds could be isolated from these highly potent 
preparations was disappointing, especially in view of reports from 
other laboratories on the isolation of the life maintenance hormone 
in crystalline form. In 1933 Grollman and Firor stated that they 
had obtained the hormone as a solid substance, which appeared 
“crystalline when viewed under the microscope” (1). A year 
later the same workers reiterated their belief that this crystalline 
product was identical with the active principle of the adrenal 
cortex (2). Details concerning the physiological potency and the 
physical and chemical characteristics of the compound have not 
been given as yet. In 1934 Kendall, Mason, McKenzie, Myers, 
and Koelsche announced the isolation of a compound from the 
adrenal cortex which they regarded as the life maintenance 
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hormone (3, 4). At that time the formula C2oH300; was assigned 
to this substance.! The potency of this crystalline product was 
given as 10 to 100 dog units per mg. The above authors feel, 
however, that little significance can be attached to these assay 
figures, since the dog method of assay gave in their hands ex- 
tremely variable results, which they ascribe to differences in the 
sensitivity of the individual animal. One of the inactive crystal- 
line products isolated by us possesses physical and chemical 
properties which make it appear probable that it is identical with 
the substance described by Kendall and collaborators. The 
discrepancy between the findings of these investigators and our 
own results regarding the physiological activity of this compound 
will be discussed below. 


EXPERIMENTAL 


Separation of Compounds A, B, and C—Compounds A, B, and 
C occur together in the granular material which separates on 
cooling a warm benzene extract of ether concentrates (Fraction 
27). All yields given below refer to the fractionation of 100 kilos 
of fresh glands. Compound B (20 to 30 mg.) was separated in a 
crude state by slow crystallization from 10 per cent ethyl alcohol 
(Fraction 4). The mother liquor after repeated washing with 
benzene yielded a further semicrystalline deposit on prolonged 
standing which consisted of a mixture of Compounds A and C. 
We were unable to isolate Compounds A and C from benzene 
concentrates. Apparently both substances are retained in the 
aqueous middle fractions if benzene is substituted for ether in 
the earlier distribution procedure (Diagram 1, preceding paper), 
owing to their lower solubility in the former solvent. We there- 
fore subjected the inactive, acid-soluble material obtained in the 
preparation of a benzene concentrate to the usual ether distribu- 
tion. Only Compound A was isolated on treating the resulting 
fraction in the usual manner. 

A mixture of Compounds A and C, weighing 60 to 80 mg., was 
obtained when both the deposit and the residue (Fractions 1 


1 Tn a paper read at the meeting of the American Society of Biological 
Chemists at Detroit, April, 1935, the formula C,,H;,O; was given as more 
probable. 

2 All fraction numbers refer to Diagram 2, preceding paper. 
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and 2) from the benzene extraction of an ether concentrate were 
worked up. The separation of these two compounds was effected 
by dissolving the mixture in a minimum amount of warm methyl 
alcohol and adding about 7 volumes of benzene. Compound A 
was precipitated in comparatively pure state, while Compound 
C remained in the supernatant liquid. The latter was brought 
to dryness, the residue dissolved in a small volume of methyl 
alcohol, and 5 volumes of water were added with warming. The 
solution became turbid on cooling and deposited aggregates of 
fine crystals consisting of impure Compound C. 

Compound A—The crude preparation was recrystallized from 
absolute methyl alcohol, which removed most of the contaminat- 
ing pigment. For further purification it was dissolved in a mini- 
mum amount of hot methyl alcohol, 3 volumes of ethyl acetate 
were added, and most of the methyl alcohol was removed by short 
boiling. On slow cooling of the solution hexagonal platelets were 
obtained. The pure compound melted at 213-214° without de- 
composition, sometimes after slight softening at about 160°. Less 
pure preparations frequently exhibit a double melting point, un- 
-doubtedly owing to the presence of a polymorphous modification. 
In such cases liquefaction took place at 155-160°; the melt re- 
solidified between 165-170° and finally melted again above 200°. 
In the crude preparations obtained from dilute alcohol the lower 
melting modification seems to preponderate, and the molten 
sample then fails to resolidify. The yield of the pure compound 
was about 20 mg. It was fairly soluble in cold methyl and 
ethyl alcohols, easily soluble on heating, and sparingly soluble in 
cold water, benzene, and ethyl acetate. Elementary analysis 
and molecular weight determination speak for the composition 
CooH3,05 or CoH3-O5. The substance was dried for analysis in 
vacuo at 105° over P2QOs. 


CyoH3,0O;. Calculated. C 67.74, H 9 67, mol. wt. 354 


“ “68.42, 9.85, “ 368 
Found. “ 67.85, “ 9.67, “ “ 373 
“68 04, 9.77 


The compound has no reducing properties. 
Compound B—The crude preparation can be recrystallized by 
allowing its solution in 50 per cent methyl alcohol to stand in 
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the refrigerator for several days. The rosettes of white needles 
thus obtained can be recrystallized from mixtures of methyl 
alcohol and ethyl acetate as described for Compound A. Our 
first preparation crystallized in long rectangular prisms and 
melted at 208-211° to a yellow viscous liquid. A subsequent 
preparation yielded on the third recrystallization a small top 
fraction of square prisms melting at 216-218°, which was not 
examined further. The main fraction consisted of elongated 
prisms melting at 210-214°. These observations, as well as in- 
consistencies in the analyses of different preparations, suggest 
that the preparations in our hands were still slightly inhomo- 
geneous. However, it should be mentioned that the melting 
points are not well defined, owing to the gradual formation, ac- 
companied by considerable decomposition, of a stringy viscous 
syrup. Consequently we do not attach much significance to the 
observed differences. The rate of heating was kept as constant 
as possible (2-3° per minute). A mixture of Compounds A and 
B, which both melt in the same range, showed a marked depres- 
sion of melting points. 

Compound B is fairly easily soluble in cold methyl and ethyl 
alcohols, difficultly soluble in cold benzene, ethyl acetate, and 
chloroform, and almost insoluble in ether and water. It is diffi- 
cult to assign a definite empirical formula to the compound from - 
the analytical results available owing to discrepancies in the hy- 
drogen and molecular weight figures. Especially the latter show 
considerable variation and cannot be regarded as reliable, since 
some decomposition occurred in camphor solution. The purest 
preparation analyzed gave figures agreeing best with C2:H320s. 
Slight contamination of our preparation with other reducing com- 
pounds (see below) has to be considered. 

The preparations were dried for analysis in vacuo at 80° over 
P. 2s. 


CsoHs0O;. Caleulated. C 68.52, H 8 64, mol. wt. 350 


*68.52,° 8.6, “ “* 40 
Co,H 69.18, “ 8 85, “a 6364 
CaHaQOs. 68.80, “ 9.36, “ “ 366 
Preparation I (m.p. 208-211°). Found. C 68.86, H 8.42 : 
( 206-211°). ‘69.03, 8.50, mol. wt. 448 


III ( ** 210-214°). “60.19, “9.00, 307, 409 
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Compound B reduced Benedict’s solution and strongly alkaline 
silver solution on heating. It did not give a precipitate in the 
cold with phenylhydrazine in 10 per cent acetic acid solution, as 
did the active fractions described in the foregoing paper. On 
prolonged heating with these reagents an amorphous yellow 
precipitate was formed. Likewise, on heating with p-nitrophe- 
nylhydrazine in 50 per cent acetic acid only a small amount of an 
amorphous product could be obtained. Treatment with 2,4- 
dinitrophenylhydrazine yielded yellow needles, which after re- 
crystallization from alcohol melted at 194° and were found to 
contain 22.5 per cent of nitrogen, a figure intermediate between 
the nitrogen content of the reagent (28.3) and that calculated for 
an osazone of a compound Co2o0H300; (15.8). Lack of material 
prevented further experiments in this direction. 

Compound C—Only very small amounts of this compound 
could be isolated. It crystallized from 20 per cent ethyl alcohol 
in aggregates of fine glittering platelets. The melting point of 
a purified preparation was 126—-128°. The compound was soluble 
in the same solvents as Compound A, though more readily in 
cold water and benzene. It has no reducing properties. A 
single analysis and molecular weight determination gave the fol- 
lowing figures: 

C.,HwO;. Calculated. C 65.41, H 9.16, mol. wt. 440 
Found. 65.82, 9.03, “ 446 


Compound D—This was obtained from an active fraction re- 
claimed from benzene deposits (Fraction 2). The fraction was 
dissolved in CHCl; and became partly crystalline on slow evapo- 
ration of the solvent. The crystals were separated by washing 
with small amounts of chloroform. This material (Fraction 10), 
which melted indistinctly and with decomposition between 170—- 
208°, was recrystallized from absolute methyl alcohol. On stand- 
ing, fine, long needles separated which melted between 200—220°. 
Two more recrystallizations from a mixture of methyl alcohol 
and ethyl acetate yielded needles of the same appearance melting 
with marked decomposition at 236-239°. The yield was about 
6 mg. The compound reduced Benedict’s solution on heating. 
It is distinguished from the reducing Compound B by its lower 
solubility in methyl and ethyl alcohols. For analysis the com- 
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TaBLE 
Summary of Assay Results Obtained with Physiologically Inactive Crystalline 
Fractions (together with Representative Results Obtained with an Active 
Fraction for Comparison) 


i No. of tarily 
diet 
gm. per 
°C. ka pe 
1 A 212 -214| 1 40 4 0.20 
2 B 208 -211|; 2 10 5 0.25 
20 10 0.23 
3 205 -208} 2 40 6 0.26 
40 6 0.22 
5 D 217 -226| 2 10 10 0.20 
20 6 0.25 
6 E (Crude) 2 20 5 0.23 
30 5 0.21 
30 5 0.23 
30 7 0.30 
9 A and C 144 1 30 5 0.19 
103 (160)-205 A, B, and C 
B 212 -214 at 20, C 
C 124 -126 and D at 
D 235 -237 12.5 
5 0.23 
? 205-211; 1 20 4 0.24 


The parentheses indicate a double melting point (see text under Com- 
pound A). 

* More than 100 per cent rise in blood urea nitrogen, decline of 5 to 10 
milli-equivalents in serum sodium, and gross symptoms of clinical failure 
in every instance, except the second dog on Preparation 3. This animal 
was clinically active when the experiment was discontinued. The blood 
urea nitrogen had risen from 27 to 68 mg. per cent and the serum sodium 
had dropped from 144 to 139 milli-equivalents per liter. The assay was 
discontinued at this point because the sample was exhausted. 

+t Average figure for the number of days indicated. 

t Artificial mixture. The five fractions were dissolved and administered 


in a single solution. 


| volun- 


TaBLE I—Concluded 
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NaCl 

volun- 

Compound M.p ‘dows, Days on dose 
diett 

gm. per 

12 (Amor- 3 10 7 (29-26)§ | 0.25 
phous 5 7 (26-24) | 0 24 
active 2.5 7 (24-33) | 0.28 
fraction) 1.7 6 (33-50) | 0.23 
10 7 (32-31) | 0.24 

5 7 (31-34) | 0.25 

25 7 (34-59) | 0.23 

20 7 (21-20) | 0.22 

10 7 (20-23) | 0.21 

5 7 (23-26) | 0.23 

2.5 7 (26-26) | 0.25 

2.5 7 (26-29) | 0.23 

1.2 2 (29-80) | 0.10 


§ The two figures in parentheses represent mg. per cent of blood urea 
nitrogen at the beginning and end of the time period indicated. 


pound was dried at 80° and 2 mm. of Hg over P20; and gave 
C 69.52, H 8.99. 

In the determination of the molecular weight by the camphor 
method the same difficulties were encountered as with Compound 
B. The value obtained was 309. 

The analytical characterization of the four compounds described 
is to be regarded as preliminary. Larger quantities of material 
will be necessary to establish with certainty their composition 
and the function of their oxygen atoms. The solubility properties 
of these compounds are in general rather similar, which makes 
their complete separation difficult. The behavior of the crystal- 
line chloroform-insoluble material (Fraction 11) obtained from 
the active benzene-soluble fraction (Fraction 3) suggests that 
still other reducing compounds are present. We have recently 
isolated 8 mg. of material crystallizing from absolute methyl alco- 
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hol in rhombohedral plates and melting with decomposition at 
205-211°. This substance was at first thought to be Compound 
B, but on analysis it gave figures indicating a higher degree of 
unsaturation (found, C 69.84, H 7.89). In a preliminary assay 
on one dog (Preparation 11, Table I) its activity was found to be 
less than 50 dog units per mg. 

Compound E—This nitrogenous compound is obtained from 
the benzene-soluble part (Fraction 3) of ether or benzene con- 
centrates. The physiologically active material was precipitated 
from the benzene solution with 3 volumes of petroleum ether, 
while Compound E remained in the supernatant liquid. The 
petroleum ether solution was brought to dryness and the precip- 
itation repeated from half the quantities of the same solvents. 
The material remaining in the supernatant liquid crystallized 
slowly after removal of the solvents. The crystals were em- 
bedded in an oil, which constituted the major part of the fraction, 
and which could be washed away with small amounts of cold 
benzene. Evidently it was this contamination which held the 
compound in solution in the petroleum ether supernatant liquid, 
for after purification the crystals were found to be insoluble in 
petroleum ether. The compound crystallized from warm ethyl 
acetate or benzene in large hexagonal plates, which melted at 
158-161°. The yield of the pure compound was about 25 mg. 
It sublimed without decomposition when heated above its melting 
point, but attempts to separate it from the oil in the crude frac- 
tion by distillation in a high vacuum met with only partial success. 
The compound was easily soluble in methyl and ethyl alcohols 
and chloroform, somewhat soluble in cold water, easily soluble 
on warming, and sparingly soluble in cold benzene, ether, and 
ethyl acetate. Analysis indicates the composition C,,H:s02N2. 

The preparations analyzed were dried at 80° and 2 mm. over 


('1,H,sO.N2. Calculated. C 62.81, H 8.63, N 13.33, mol. wt. 210 
Found. ‘* 62.87, “ 8.49, “ 13.25, “ ‘ 251 
62.76, 8.38, “ 13.03, ‘* 248 


The compound contains no free amino nitrogen, but after hydrol- 
vsis with 20 per cent HCI one-half of its nitrogen is present in 
that form (found 6.81, calculated 6.67). It gives a neutral reac- 
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tion in aqueous solution and does not form an insoluble picrate, 
picrolonate, or flavianate, nor does it precipitate immediately 
with phosphotungstic acid. On prolonged standing, however, a 
phosphotungstate crystallizing in blunt prisms is obtained. The 
common color reactions for amino acids are negative. On the 
other hand, the diketopiperazine reactions with picric acid and 
m-dinitrobenzene described by Abderhalden and Komm (5), and 
with potassium mercuric iodide (6) give positive results. These 
properties and the analytical findings make it highly probable 
that the structure of the compound is that of /-leucyl-l-proline 
anhydride. This compound was synthesized by Fischer and Reif 
in 1908 (7), but has never been isolated before, so far as we are 


TaB_e II 
Properties and Composition of Physiologically Inactive Compounds Isolated 
Compound Crystal form amcor Composition 
*C. 
A Hexagonal plates 214 
or 

B Long rectangular prisms | 210-214 C.,H320; + 

C Platelets 126-128 Co4H4007 

D Needles 236-239 + 

Hexagonal plates 158-161 


aware, from fresh tissue. Their synthetic compound melted at 
150-160° and showed the same solubility properties as our prod- 
uct.2 We hope to adduce final evidence for the identity of the 
compound by isolation of the two amino acids as soon as larger 
amounts become available. 

All melting points given are uncorrected. The properties of 
the compounds are summarized in Table II. 


DISCUSSION 


Although all the compounds described proved to be uniformly 
inactive, the reducing substance, Compound B, merits discussion 


3 A preparation of l-leucyl-l-proline anhydride made according to Fischer 
and Reif melted at 156-159° (uncorrected) and showed no depression of its 
melting point when mixed with Compound E. 


* 


Adrenal Cortex. II 


in view of its probable identity with the substance considered by 
Kendall and coworkers (3, 4) as the life maintenance hormone. 
The melting point given by these workers for their compound is 
210°. Our own preparations also melt at around this tempera- 
ture. The purest preparation obtained by us consisted of long 
rectangular prisms melting at 212—214° (uncorrected). The pos- 
sibility that our preparations are still slightly inhomogeneous has 
been mentioned in the experimental part. The elementary com- 
position of Compound B closely approaches those of the formulas 
discussed by Kendall and collaborators. CzoH300s was given 
in their first communication (3, 4), but more recently they con- 
sider C2,H3,05 more probable.! Our preparations on analysis gave 
CooH3005 or CoiH3205. Our molecular weight determinations by 
the camphor method were inconclusive, yielding varying figures— 
the average of which is 20 per cent higher than the formulas con- 
sidered above. No details as to the method of molecular weight 
determination are given in the communications of the Mayo 
Clinic workers. They assign a molecular weight of 350 to their 
crystalline compound but state that the compound exists in two 
forms. They consider the crystalline compound to be the dimolec- 
ular form of an a-hydroxyaldehyde. The monomolecular form, 
which they find to be more soluble than the crystalline compound, 
yields a dinitrophenylosazone which corresponds to the osazone of a 
compound C2oH300s. No experimental data as to the properties 
of the supposed monomolecular form are given. Their state- 
ments as to the molecular size of the crystalline compound can 
only be interpreted on the assumption that dissociation to the 
monomolecular form takes place under the conditions of molec- 
ular weight determination employed by them. Partial disso- 
ciation in camphor may explain the inconsistency of our own 
results, as well as the average figure, which, as mentioned above, 
is about 20 per cent higher than the figure corresponding to the 
monomolecular form. Another point of similarity is the reducing 
power. Compound B reduces Benedict’s solution and alkaline 
silver solution on heating. The latter reagent is employed by 
Kendall and associates for oxidation of the crystalline compound 
to an acid. It is not clear, however, on what evidence the state- 
ment of the Mayo Clinic workers rests that the dimolecular crys- 
talline form does not possess aldehydic properties. It pertains 
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obviously only to reactions in which the action of heat and alkali 
is not employed. It may be recalled that our Compound B does 
not give a fuchsin-sulfurous acid reaction. Furthermore, our 
experience that no well defined osazones could be prepared from 
Compound B with phenylhydrazine or its nitro derivatives cor- 
relates with Kendall’s observations on his crystalline dimeric 
form. From the foregoing it seems highly probable that our 
Compound B is identical with the crystalline compound described 
by Kendall and his collaborators. 

In 1934 when Kendall and associates (4) announced the isola- 
tion of this compound from adrenal extracts, it was considered 
by them as the life maintenance hormone. No experimental data 
were given, but they state ‘administration of the crystalline prod- 
uct will maintain a dog in a normal condition after suprarenalec- 
tomy.” Recently, however, these workers (8) report that “the 
first physiologic results on the crystalline compound were obtained 
on patients and dogs that received a diet somewhat high in sodium 
chloride,” and that ‘the compound ... in the presence of sodium 
chloride, possesses all of the characteristic and essential physio- 
logic properties of the most potent extracts of the cortex of the 
suprarenal gland.” They further postulate the presence of a 
second essential factor in the cortex which in combination with 
the crystalline compound maintains the adrenalectomized animal 
on a low intake of sodium chloride. Kendall and his associates 
(8) now state their position as follows: “At the present we may 
conclude ... that the essential action of the hormone is produced 
by the crystalline product A, which has been described, but that 
the concentration of sodium chloride and urea in the blood is not 
influenced by A alone. The administration of sodium chloride 
brings about a condition which permits the crystalline compound 
A to restore a suprarenalectomized dog to normal. The second 
factor, B, exerts an influence through the first factor, A, which 
is similar to the effect produced by the administration of salt 
with A, so that the efficiency of the crystalline compound A is 
raised to a high level. In the presence of A and B the capacity 
for muscular activity is restored to normal and the urea and 
sodium chloride in the blood are maintained at a normal level 
even with a low intake of sodium chloride.” It is difficult to 
evaluate these observations, since the meaning of the terms high, 


qj 
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and low, sodium chloride intake is not defined. In this connec- 
tion the recent findings of Harrop, Soffer, Nicholson, and Strauss 
(9) are of particular interest. In some instances they succeeded 
in maintaining adrenalectomized dogs in an apparently normal 
condition for periods of 100 to 150 days by the oral administra- 
tion of large amounts (15 to 20 milli-equivalents per kilo per day) 
of sodium as chloride and bicarbonate without any hormone ther- 
apy. We have also obtained results which tend to confirm this 
finding. As previously mentioned, our test animals ingested in 
their diet approximately 4 milli-equivalents of sodium chloride per 
kilo per day (Table I). On this level of sodium chloride intake 
our assay animals invariably passed into acute eortical insuffi- 
ciency within 4 to 10 days when hormone therapy was withheld. 

Our Compound B was tested on four dogs, and also in combi- 
nation with the other four crystalline substances on two dogs. 
The results are summarized in Table I. In no instance was 
there any indication that the compound was active. The highest 
dosage level employed was 40 micrograms per kilo per day. The 
dogs receiving this dose came promptly into acute insufficiency, 
as rapidly as the animals which were on a dosage level of 10 and 
20 micrograms, respectively. The limited amounts of material 
available prevented testing of the compound at higher dosage 
levels. For comparative purposes some assay results are sum- 
marized in Table I, which were obtained with a physiologically 
active preparation with the same test animals as were employed 
in assaying Compound B. With this active fraction the assay 
periods were of 3 to 5 weeks duration starting with a dosage level 
of 10 to 20 micrograms. A rise of 100 per cent in the blood urea 
nitrogen level was not observed until the dosage level had been 
reduced in two instances to less than 2 micrograms, and in one 
instance to less than 5 micrograms. The potency of this prepa- 
ration (Preparation 12, Table I) was, therefore, between 200 and 
400 dog units per mg., while our Compound B assayed less than 
25 dog units per mg. With the data available we cannot exclude 
the possibility that the compound may be active when adminis- 
tered in much larger quantity. 

Similar negative results were encountered with the other com- 
pounds. With the thought that perhaps two or more factors are 
involved in the physiological activity of cortex preparations, we 
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assayed all five compounds in combination. The outcome of 
these experiments was likewise negative (Table I). The possi- 
bility, however, remains that two factors are essential, one of 
which may be Compound B, and that this compound is still con- 
tained in our most potent fractions. The final solution of this 
question must await the isolation of the compound to which we 
ascribe the physiological effect of our active fractions. As yet 
we have no evidence that any of the compounds described is 
necessary for this effect. 

The nitrogenous Compound E is in all probability identical 
with leucylproline anhydride. We have obtained the compound 
in approximately the same yield from five different batches of 
glands. Since autolysis of the tissue and the use of heat and 
hydrolytic agents were avoided, it seems likely that the com- 
pound, or at least one of its corresponding dipeptides, exists as 
such in the gland. The mode of isolation, especially the use of 
benzene early in the fractionation, speaks to a certain extent for 
the first possibility. On the other hand, it must be remembered 
that the tendency for ring closure is particularly marked with 
dipeptides containing proline. Though it seems unlikely that this 
diketopiperazine plays a role in adrenal physiology, its isolation 
from fresh tissue under the mildest possible conditions is of suffi- 
cient interest to be recorded. 


SUMMARY 


The isolation and properties of four non-nitrogenous com- 
pounds from adrenal extracts are described. These compounds 
were found to be physiologically inactive. The probable identity 
of one of these compounds with the substance regarded by Ken- 
dall and coworkers as the life maintenance hormone is discussed. 

A physiologically inactive nitrogenous compound of the formula 
CyHis02N2 has also been isolated, which in all probability is 
leucylproline anhydride. 
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The present paper has two objects: first, to ascertain the effect 
of age, beginning with the third decade, on the plasma lipid content 
of normal men; second, to ascertain the normal ranges, in adult 
men, of the different lipid fractions determined by the gasometric 
methods of Kirk, Page, and Van Slyke (1934). 

Subjects and Blood Sampling—The subjects were men who by 
ordinary clinical examination were healthy. They were on 
unrestricted diets. , Blood was drawn before breakfast, and was 
at once heparinized and centrifuged. The plasma and red cells 
were carefully separated to avoid the inclusion of platelets and 
white cells. The lipids of the plasma were immediately extracted 
with alcohol-ether, and the different lipid fractions were deter- 
mined by duplicate analyses, as described by Kirk, Page, and Van 
Slyke (1934). 

Calculation of Data—To render the results into usual terms, and 
to facilitate comparison with the results of previous authors, we 
have, from the directly determined values of lipid carbon, phos- 
phorus, etc., calculated the different plasma lipids in conventional 
units by the following formule: 


(1) Phosphatides = 23.5 X (total lipid P) 


* The analyses have been carried out by Page and Kirk, with the techni- 
cal assistance of Mr. Howard Read. The subjects over 40 years of age were 
selected and subjected to clinical examination by Lewis, in connection 
with a study of age changes being carried on by Dr. Alfred E. Cohn’s 
department in the Hospital of the Rockefeller Institute. The statistical 
analysis of the age groups presented in Tables IV and V was carried out 
by Thompson. 
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See Table X of Kirk, Page, and Van Slyke (1934) and its discus- 
sion for the factor 23.5. 


(2) Esterified cholesterol = (total cholesterol) — (free cholesterol) 
(3) Cholesterol esters = 1.69 (esterified cholesterol) 


The factor 1.69 is approximately exact for cholesterol stearate 
and oleate. (In this paper ‘“‘esterified cholesterol” is used to 
indicate the amount of cholesterol, C2;HO, which is in the ester 
form, while ‘‘cholesterol esters’”’ is used to indicate the amount of 
the esters, of formula Co7H4s5-O2CigHs5 in the case of the stearate.) 


(4) Neutral fat C = (total lipid C) — [15.5 (lipid P) + 0.839 (free choles- 
terol) + 1.40 (esterified cholesterol)] 


The neutral fat C is calculated in Equation 4 by subtracting from 
the total lipid C the phosphatide C, calculated as 15.5 P, the free 
cholesterol C, and the cholesterol ester C, represented by the 
successive terms of the equation. The C:P ratio, 15.5, used for 
the phosphatides is the ratio found by Kirk, Page, and Van Slyke 
((1934) see their Table X) in plasma phosphatides. It approxi- 
mates the ratio, 15.8, which is theoretical for cephalin containing 
two fatty acid radicals with 18 carbon atoms.each. The factor 
0.839 represents the C content of free cholesterol. The calcula- 
tion of cholesterol ester C as 1.40 X (esterified cholesterol) is 
theoretical for esters of cholesterol with 18-carbon fatty acids. 

We have followed the convention of previous authors (e.g., 
Boyd (1933)) in using the term “neutral fat’ to indicate the 
plasma lipids found in excess of the phosphatides, cholesterol, and 
cholesterol esters. The material so defined may contain, besides 
simple triglycerides, unidentified petroleum ether-soluble material 
of other nature. While, therefore, for convenience and con- 
formity with usage we employ the term “neutral fat” for this 
fraction, we wish to emphasize that by this usage we do not imply 
any assumption concerning the proportion of simple triglycerides 
in the fraction. A more adequate term for the fraction would be 
“neutral fat and unidentified petroleum ether-soluble extrac- 
tives.” 

(5) Neutral fat = 1.32 (neutral fat C) 


The factor 1.32 is theoretical for glyceryl tristearate. 
Total lipids have been calculated in two ways: first, by sum- 
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mation of the separate lipid fractions, and, second, by multiplying 
the directly determined total lipid carbon by the factor 1.3, found 
by Kirk, Page, and Van Slyke (1934) to give an approximately 
accurate value for the total mixture. Equations 6 and 7 are used 
for the two types of calculation. 


(6) Total lipids = phosphatides + free cholesterol + cholesterol esters 
+ neutral fat 


The phosphatides, cholesterol esters, and neutral fat are calculated 
by Equations 1, 3, 4, and 5. 


(7) Total lipids = 1.3 (total lipid C) 


Theoretically, as pointed out by Kirk, Page, and Van Slyke 
(1934), calculation of total lipids by summation (Equation 6) 
should be more exact than direct calculation from total lipid C 
(Equation 7), because the factor 1.3 is exact only for a mixture 
with 77 per cent of carbon. It is almost exact for the usual triglyc- 
erides, but would be too high if cholesterol, with 83.9 per cent C, 
predominated, and would be too low if phosphatides, with 65 to 66 
per cent C, formed most of the mixture. Actually, however, the 
results show that the total lipid values calculated by the two 
methods seldom differ by as much as 2 per cent, and show an aver- 
age difference of less than 1 per cent. Both calculations involve 
approximate constants (Equation 6 is based partly on Equation 
5), but neither appears subject to important errors. Because the 
results by Equations 6 and 7 are nearly identical, we give in the 
tables only the total lipid values calculated by Equation 6. 

The results with normal subjects are given in Tables I, II, and 
IIT. 


STATISTICAL ANALYSIS 


Symbols 


s= — — 1) Fisher’s Standard Deviation—This 
standard deviation formula was apparently introduced by Gauss, 
but has been brought into general use by Fisher (1932). It is 
preferred to the “sample standard deviation” +/=(z; — #)?/N 
because, with finite N values, the Fisher formula is believed to 
yield values more likely to approximate the true standard devia- 
tion that would be yielded by either formula with an infinite 
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TaBLe 
Plasma Lipids in Normal Men; Ages 21 to 49 Years 
Lipids, mg. per 100 cc. plasma 
Directly determined data | Calculated lipids 
a2 
Age class 20-39 
yrs. 
l-a | Mu} 21 | 547) 7.719.2) 5.3) 112) 81 | 31) 53 | 182 | 419 | 730 
l-b| ‘* | 21 | 448 4.3) 6.2) 3.3) 214; 73 | 141 | 238 | 102 | 162 | 575 
2 Di 27 | 322) 3.4; 4.3) 1.7; 189; 69} 70; 118 | 80] 149 | 416 
3-a | Ki | 28 | 56810.2,21.4) 4.9) 208} 82 | 126 | 213 | 240 | 219 | 754 
3-b} ‘ 28 | 534) 5.3) 9.3) 3.3; 235) 80 | 155 | 262 | 125 | 248 | 715 
4-a | Be 29 | 355 6.1/0.9; 109; 64); 45] 84 462* 
4-b| 29 | 510; 5.1; 8.3) 1.5) 172) 78 | 94} 159 | 121 | 313 | 671 
5 Mi | 29 | 601) 1.8) 6.8) 2.2) 341} 110 | 231 | 390 | 41 | 211 | 752 
6 Ab | 29 | 496) 6.811.8) 3.1) 221) 73 | 148 | 250 | 161 | 169 | 653 
7 Le | 31 | 515 8.5) 9.2) 3.8) 262) 86 | 176 | 297 | 201 | 91 | 675 
8 Al | 33 | 454) 5.6) 8.6) 3.5 77 131 590* 
g Pa | 34 | 788 6.8) 4.4) 237; 98 | 139 | 235 1024* 
10 Ho | 35 | 72810.2 8.0) 2.9) 299) 107 | 192 | 324 | 240 | 281 | 952 
Age class 40-44 
11 Gr | 40 | 643)10.7)14.1) 4.5, 239! 105 | 134 | 226 | 253 | 264 | 848 
12 Do | 41 | 460) 7.4:12.7| 3.3) 176) 58 | 118 | 199 | 175 | 172 | 604 
13 Io 41 | 447| 5.8) 6.3) 0.5) 219) 74 | 145 | 245 | 137 | 124 | 580 
14 El 44 | 614/10.811.7| 5.3) 230; 96 | 134 | 226 | 255 | 235 | 812 
15 Mec | 44 | 433) 4.9) 8.8) 1.1) 237; 82 | 155 | 262 | 116 | 94 | 554 
Age class 45-49 
16 Cr | 45 | 440) 4.2) 6.9) 0.8) 264) 74 | 190 | 321 | 991! 62 | 556 
17 Ed | 47 | 515) 5.3) 8.1] 2.2) 215) 67 | 148 | 250 | 125 | 224 | 666 
18 Co | 47 | 354 2.7)12.2| 1.1} 218) 66 | 152 | 257 | 64) 58 | 445 
19 Ja | 48 | 522) 9.0/14.2) 3.2) 250; 66 | 184 | 311 | 212 | 92) 681 
20 Dy | 49 | 528) 9.7|12.6| 4.7; 318) 96 | 222 | 375 | 229 | (0)t} 700 


* Total lipids were calculated by Equation 7, because of lack of phospha- 
tide or cholesterol figures for calculation by Equation 6. 
t The figure in parentheses (Subject 20) is rejected in calculations of 
mean, standard deviation, and normal range. 


TABLE II 


Plasma Lipids in Normal Men; Ages 50 to 69 Years 


Lipids, mg. per 100 cc. plasma 


Directly determined data | Calculated lipids 
Cholesterol 

Z N Be 

Age class 50-54 

21 | Ho | 50 | 538/10.2 | 5.8 | 1.2 | 188} 69) 119; 201 | 240 | 205 715 
22 | To 51 | 468) 9.1 |10.4 | 3.1 | 188) 65; 123) 208 | 215 | 1382 | 620 
23 | Wi | 51 | 401) 5.7 {12.1 | 4.2 | 173) 70) 103) 174 | 1385 | 145 | 524 
(24)| Da | 51 |1780/13.6 {18.4 | 4.4 | 428; 135] 293) 495 | 321 |1390 | 2341 
25 | Ro 52 | 772) 8.2 |11.4 | 3.7 | 336) 102; 234) 395 | 194 | 305 | 996 
26 | Wi | 54 | 551| 4.6 | 4.0 (0.2), 213; 60) 153) 258 | 112 | 285 | 715 

Age class 55-59 
27 | Ne_ | 55 | 389) 3.8 | 5.4 0.9 169| 68) 171 | 90 | 174 | 503 
28 | McM| 55 | 405) 4.4 | 8.2 | 0.8 | 208; 62) 146) 246 | 105 | 107 | 520 
29 | Nu | 56 | 481) 2.7 |(1.7)) 0.9 | 211! 68) 143) 242 | 63 240; 613 
30 | Bi 57 | 555) 8.0 |10.8 | 2.2 | 190; 70} 120; 203 | 189 | 269 | 731 
31 | MaC} 58 | 828)11.4 |16.7 | 4.9 | 286) 89} 197) 332 | 269 | 396 | 1086 
32 | Po 59 | 686) 5.5 |13.1 | 3.2 | 234| 74) 160; 270 | 130 | 416 | 890 
33 | McC | 59 |1007; 9.3 | 8.6 | 2.4 | 293) 84) 209] 353 | 220 | 662 | 1319 
34 | Ri 59 (1095) 6.4 | 7.9 | 3.2 | 376) 110) 266; 449 | 151 | 703 | 1413 

Age class 60-64 
35 | Ro | 60 | 836)13.7 19.4 | 8.2 | 351 102 249} 421 | 321 | 249 | 1093 
36 | Go | 63 | 430} 8.3 {12.1 | 2.7 | 152) 84) 68 115 | 196 | 179 | 574 
37 | Ed 63 | 402) 4.1 | 5.8 | 0.8 | 206; 94) 112) 189 | 97 | 1386 516 
38 | Ka | 64 | 465) 6.9 | 8.5 | 4.0 | 213} 104} 109) 184 | 163 | 157 | 608 
39 | Sh 64 | 641) 9.8 {12.2 | 5.2 | 273) 78) 195; 330 | 231 | 198 | 837 
40 | La_ | 64 | 4388 (0.7) 3.2 | 1.9 | 284 76 208; 351 | (17)} 95} 539 

Age class 65-69 
41 | Pi 65 | 444) 7.2 114.8 | 3.2 | 206}; 59) 147) 248 | 170 | 100 | 577 
42 | So 66 | 482) 8.4 |23.9 | 3.9 | 205) 126) 79) 133 | 198 | 178 | 635 
43 | Wi | 68 | 636/11.0 {18.6 | 5.1 | 280} 73) 207| 350 | 260 | 145 | 828 
44 {Sm | 69 | 536] 9.3 13.3 | 5.3 | 195) 57) 138) 233 | 219 | 199 | 708 


Figures in parentheses are rejected in calculations of mean, standard 
deviation, and normal range; also all data from Subject 24, who was obvi- 
ously lipemic. 
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TABLE III 
Plasma Lipids in Normal Men; Ages 70 to 101 Years 


| Lipids, mg. per 100 cc. plasma 


Directly determined data | Calculated data 
| | Cholesterol ge 
Age class 70-74 
yrs. | | | | | 
45 |Ha 71 4155.7 7.8 29 249 111 | 138 | 235° 135 54 (535 
46 | Mo 72 915128161 5 3 327 87 | 240 | 406 | 302 | 407 1202 
47 Vi | 72 471 6712.9 3.6 303 76 127 214 158 166 614 
48 | Ab 72 472 45 46 30 101 176 297 106 94) 598 
49 | Sp 72 66210 614.2 3.5 267 115 | 152 257 250 248 870 
50 | Ho 73) 516 50 56 19 216 73 242) 118 235-668 
Age class 75-79 
| El | 75) AIT 34.9.5 5.9 245 55 190 321 80 66 522 
52 Is 76-513. 8719.1 23 235 74 161 | 272 120 671 
54. Ob 6147 3. 9 (142) 211 357 321 
class 80-84 
55 Ph "$2312 516 3 5.2 189 104 85 144 295 560 1103 
56 Kl 80 383 43.4909 121 53 68 115 102 233 503 
57 | Ma! 80 473 8413.1 3.9 241 85 156 263 198 80 626 
58 | Ba 81 799 9414.2 33 193 71 122 206 222 557 | 1056 
59 82 588 8411.2 1.6 238 71 167 282 198 217 768 
60 In 82 778127188 55 156 86 70 118 298 542 1044 
61 | No 83 565 60 59 16 258 181 122 206 142 252 731 
Age class 85-91 
62 | Ha! 85 | 59710 213 0 76 | 169 | 286 | 240 15) 77 
63 | Me 85 648166172 4.5 261 86 175 206 392 103 | 877 
64 | Ad 89 531929633 214 64 150 2H 217 165 700 
65 | St 91 676 6 7118 39 253 169 286 159 351 880 
66 Ja 445, 8 212.6 4.9 202 ‘82 120 203 192 107 | 584 
Age class over 100 
67° | Be | 101 218) 2713 31 (9 118 58 60 101 59| 263 


* All data Subjec t 674 are in cule of mean, standard 
deviation, and normal range. 
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number of observations. Only when N is small is the difference 
between standard deviations calculated by the two formule 
important; e.g., with N = 20 the difference is 2.8 per cent. 


~ = mean of all observed values of a given plasma constituent 

z; = an individual observation 

N = number of observations 

g = 9: ‘‘ classes into which observations are divided. In the 
present case each age group is a class 

=; = mean of observed values within a given class 

j = subscript used to denote a single class. j may have any value from 
ltog 

n; = number of observations in a single class 

= — #;)?/(N — g). This is a modified standard deviation indi- 
cating variance within classes (see Fisher (1932)) 

2. = V rn;(F; — ¥)?/(g — 1), a modified standard deviation indicating 

variance among classes (see Fisher (1932)) 


Rejection of Certain Data 


In a collection of hundreds of intendedly normal data, some may 
deviate from the mean so unusually far that they are probably 
outside the group of observations which one would consider 
‘“normal;” e.g., for plasma lipid content ‘‘normal’’ may be taken to 
mean a lipid concentration, determined during the postabsorption 
period without significant analytical error, in the plasma of a 
healthy subject, on an ordinary diet and free from unusual physio- 
logical influences. In a series of many lipid determinations taken 
with the intent to meet these conditions, some may fail to do so 
because of error in analysis, or because of undetected abnormality 
in a supposedly healthy subject, or because of some unusual 
physiological disturbance in a normal subject, analogous to the 
well known effect of emotion in raising blood sugar concentration 
of a normal subject to a “diabetic” level. 

Among the data presented in this paper a few deviate so far 
from the general range that it appears more exact to exclude them 
than to include them in estimating normal means and ranges. 
Subject 24 (Table II) showed a total lipid content so far above the 
range of all the other subjects that it appears consistent with the 
probable truth to consider that he had a lipemia from some un- 
detected metabolic abnormality. On the other hand, Subject 67 
(Table III, 101 years old) showed a total lipid content much below 
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the range of all others. We have accordingly considered these 
two subjects as probably abnormal with respect to their lipid 
metabolism, and have omitted their data from the calculations of 
Tables IV, V, and VI, and from the graphs. 


TABLE IV 


Mean Values and Estimates of Fisher’s Standard Deviation, s, for Directly 
Determined Lipid Values of Different Age Classes 


The figures represent mg. of lipid per 100 cc. of plasma. 


Cholesterol 
= lipid C NH-N | total N 

Total | Free | Pateri 

= 8 = 8 = 8 

yrs. 
20-39 | 10-7 | 537146 6.6 (2.9 3.3]1.4 10.2 5.7 
40-44 | 4. | 519/100 7.9 \2.7 | 2.92.1110.7 '3.1 
45-49 | 5 | 472) 75 6.2 3.0 | 2.411.610.8 3.1 
50-54 | | 546/140 7.6 \2.3 | 3.111.3| 8.7 13.6 
55-59 8 | 681/271 6.4 | 8* 
60-64 | | 535/170 8 8*3.6*| 3.812.610.2 (5.7 
65-69 | | 524/| 84 9.0 | 4.4/1.0117.6 |4.7 
70-74 | | 575/186 7.6 3.4 | 3.4/1.1/10.2 |4.8 
75-79 | 4 | 548/125 8.5 4.2 | 4.0/1.5)12.4 |5.7 
80-84 | 630173 88 3.1) 3.1/1.8/12.1 [5.1 
85-89 | 3. | 592) 59 120 14.0 | 4.210.713 3 13.9 
90-91 | 2 | 560/164 7411.11! 4.40.7112.2 |5.7 
Grand mean...| 566,166 7.7 | 3.2|1.6)11.1 |4.7 


* Data from Subjects 24 and 67 are excluded from the calculations. Also, 
in calculating a mean or s value marked *, one figure is excluded, as indi- 
cated in Tables I, II, III. 


In addition, of the some 390 directly determined lipid values of 
the other subjects, five single determinations are so definitely 
outside the ranges of other determinations of the same kind that. 
their rejection seems justified. These observations are marked 
by figures enclosed in parentheses in Tables I to III, and by black 
squares on Figs. 1 to 8. 
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Non-Effect of Age on Concentrations of Lipids in Plasma of Healthy 
Men 
Mere inspection of Figs. 1 to 8 and of the means and standard 
deviations of data from the different age classes in Table IV suffices 
to show that there is no regular important change in any lipid 
fraction with advancing years from youth to old age. 


TABLE V 
Observed o Ratios in Analysis of Variance 


The ratios of estimates of o are based, respectively, on the deviations of 
subclass (age group) means from the grand mean, and deviations of ob- 
served values from their subclass means 


Total | Free | Psteri- Lipid | |... 
lipid C choles- | Lipid P| amino | 
No. of observations, 
N 66 65 66 65 66 67 67 
No. of subclasses, g | 13 13 13 13 13 13 13 
o2/01 101 | 0.76) 0.79 1.10 105 |} 093; 0.96 
Critical range* 1.393; 1.394) 1.393) 1 394; 1.393, 1.391) 1.391 
0.647' 0 647 0 647 0.647; 0.647, 647 


* In similar random sampling from a normal universe, the probability is 
0.05 that the o ratio would be above this range, and 0.90 that it would lie 
within the range. The upper bound of this range is obtained from its 
natural logarithm, Fisher’s z, by entering his tables for the 5 per cent point 
with his n; = g;, and hisn, = N —g. The lower bound of the range is found 
_ similarly by interchanging the values just given for Fisher’s n; and n2, and 
taking the natural antilogarithm of the value of z so found. | 


Statistical analysis indicates that there is, in fact, no more 
difference among different age classes than would be expected 
from the variability among individuals of similar age. The 
results of such analysis are given in Tables IV and V._ Inno case 
does the critical ratio lie between the ratio 02/0, and unity. The 
critical ratio (c) is a number such that o2/c; shall lie between c 
and 1/c nineteen times in twenty trials. 

The value of c is obtained from Fisher’s (1925, 1932) z tables 
by the formula, z = | log,c |. 
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Figs. 1 aNp 2. Distribution diagrams for plasma phosphatides and total 


lipids. 


For explanation see text. 
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Fics. 5 anp 6. Distribution diagrams from plasma neutral fats and 


cholesterol esters. For explanation see text. 
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Fics. 7 AND 8. Distribution diagrams of lipid total nitrogen and amino 
nitrogen. For explanation see text. 
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Estimation of Normal Lipid Ranges in Plasma of Adult Men 


Since none of the substances determined shows any effect of 
changes in age over 20 years, the entire set of results, with the 
exclusion of the few discussed under ‘‘Rejection of certain data,” 
may be used to estimate the normal concentration ranges of the 
lipid fractions in the plasma of men. 

When data are distributed in accordance with the probability 
equation, one can calculate from the standard deviation the value 
of h for the range (# + h), ( — h), within which all except a given 
proportion, P, of observations may be expected to fall. For such 
calculations one may use Fisher’s equation: h = st (N + 1)/N, 
where ¢ is the ¢ value given in the tables of “Student” (1925) and 
Fisher (1925, 1932) for given values of P, and N and s and N have 
the significance defined above under ‘Symbols.’ However, 
application of the probability equation to values such as plasma 
concentrations would lead to the impossible conclusion that the 
ranges extend to negative values. Furthermore, the frequency 
diagrams of some of the lipid values, notably total lipids and 
neutral fats (Figs. 2 and 5), are definitely and markedly so asym- 
metrical that it is evident that the probability curve is not even 
approximately followed; values above the mean extend so far 
that, if they went equally far below it, they would extend below 
zero. With these two lipid values, ranges coinciding fairly well 
with observed ones could be calculated when logarithms of the 
values, instead of the values themselves, were used. On the other 
hand, when the logarithmic procedure was applied to calculation 
of ranges of the lipids which showed more symmetrical frequency 
curves, the estimated ranges were obviously higher than the 
observed ones. 

In view of the difficulty of finding a general application of the 
probability equation which would fit the different lipids, we have 
resorted to an empirical graphic analysis of the frequency dia- 
grams. In each of Figs. 1 to 8 a smooth curve was drawn covering 
an area equal to that covered by the diagram, and equalizing the 
irregularities in its boundary. With a planimeter, areas at right 
and left ends of the diagram were then measured, such that they 
included 2.5, 5, 10, 25, and 50 per cent of the total area. The 
abscissa corresponding to the inner limit of each area is marked on 
the diagram with an arrow. It indicates, as nearly as can be 
estimated from our data, the value above which 2.5, 5, ete., per 
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cent of normal observations fall if the arrow is at the right, and 
below which these percentages of observations fall if it is at the 
left of the median line. The range between the two 25 per cent 
arrows includes 50 per cent of probable observations, and there- 
fore marks the + “probable deviation.’”’ This range probably 
does not deviate greatly from that which would be yielded by an 
infinite number of analyses. The location of the range limits 
nearest the extremes of the diagram is, of course, least certain. 

The ranges thus obtained for the different lipids are presented in 
Table VI. Except in the case of the neutral fats, the ranges 
found to include 95 per cent of the observed values (with 2.5 per 
cent below and 2.5 above) coincide fairly well with the ranges 
calculated in accordance with the probability equation as 7 + 2.02 
s, from the and s valuesin Table IV. But when the theoretically 
calculated range is extended to + 2.41 s, to include 98 per cent 
of probable observations, it runs into negative values on the lower 
side. 

The point marked z on each of Figs. 1 to 8 is the mean. The 
point marked «-50— is the median. The blackened squares in 


Figs. 1, 4, 5, 7, and 8 indicate rejected observations, which were 
excluded in calculating the mean, median, and normal ranges. 


Composition of the Plasma Lipid Mixture 


In Fig. 9 and Table VII it is evident that as the total lipid con- 
centrations in the plasma rise there is a tendency for each of the 
four constituent fractions to take part in the rise, but not to equal 
extents. Free cholesterol takes the least and neutral fat the great- 
est part in the changes of total lipid concentration. 

The mean percentage of total cholesterol in the esterified form 
was 63.1, with a standard deviation of +8.3. The percentage 
showed no significant change with the degree of lipemia: in the 
three groups of observations recorded in Table VII the values of 
the mean percentage and standard deviation were 61.3 + 9.2, 
65.8 + 6.0, and 64.0 + 8.5, respectively. 

There appears to be an approximation to a reciprocal relation 
between cholesterol esters and neutral fats with regard to the pro- 
portion of each in the lipid mixture, as shown by Fig. 10. Cho- 
lesterol esters plus neutral fats comprise a fairly steady 65 + 10 
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TABLE VI 


Ranges of Postabsorptive Plasma Lipid Concentrations in Normal Men, 
Estimated by Integration of Smoothed Frequency Curves 


The concentrations are expressed in mg. per 100 cc. of plasma. 


Per cent of observations Me- Per cent of observations 
dian 
2.5 5 10 25 10 2. 
Lipid substance | | | 2 pone | | : | ; 
Concentrations below tra- Concentrations above 
which these percentages of | tion which these percentages of 
observations fall observations fall 


Directly determined data 


Total lipid C....../350 |370 |400 | 790 | 890 | 970 
p | 3.4] 4.2! 5.81 9.9] 11.8 13.0] 14.2 
3.41 5.51 6.4] 10.7| 14.2] 17.4] 18.2] 21.0 


“ 0.61 0.8 
‘* cholesterol. ..|118 
Free ” ...| 56 59 63 70 79 92 106 114 121 


Calculated from direct data 


Esterified choles- 


| 
51 | 72 | 91 {148 |180 | 220 | 242 | 261 
Cholesterol esters. .| 86 {122 (154 |208 |250 (304 | 372 | 410 | 440 
Phosphatides......| 60 | 80 | 95 |135 {185 /|230 | 275 | 305 | 335 
Neutral fats....... 50 | 60 | 80 |120 {190 {270 | 390 | 490 | 580 


Total lipids as 1.3 
450 |520 |580 (670 


820 |1030 |1150 |1260 


Sum of free choles- 
terol, cholesterol 
esters, phospha- 
tides, neutral fats.|250 (320 


530 1140 {1320 {1410 


The difference between the minimal value, 250, in the bottom row and 
that, 450, in the row next above indicates that minimal values for each of the 
four fractions summated in the bottom row are not likely to occur together in the 
same plasma. (Minimal values in the table are those below which only 2.5 
per cent of observed values are estimated to fall.) Otherwise the sum of 
the minimal values of these four fractions would approximate the observed 
minimal total lipid value, since these fractions, as calculated, make up the 
total lipids. Similarly, the observed maximal total lipid, 1260 mg., in the 
last column, is not so high as the sum of the maximum values of the four 
fractions, indicating that maximum values for all four fractions are not likely 
to occur together. As shown by Fig. 9, all four fractions tend in general to 
rise and fall together. However, independent variations among them are 
such that the chance for proportional falls or rises in all of them to occur 
at once in a given plasma is small. 


H 
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Neutrai Fats 


Phosphatides 


Esterified Cholesterol 


Free Cholesterol 


0 | 
400 500 100 ©1200 1400 
Mg. Total Lipids per 100 cc Plasma 


Fic. 9. Parts played by different lipid fractions in increase of total 
plasma lipids. Numbers represent mg. per 100 cc. of plasma. Note that 
a given vertical rise on the neutral fat scale indicates twice as much increase 
as a similar rise on the scale of any of the other three lipid fractions. It 
appears that increase of total lipids is likely to be due, in descending order 
of amounts, to neutral fats, phosphatides, cholesterol esters, and free 
cholesterol. 
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per cent of the total lipids, but the greater part of this percentage 
‘may consist of either of these two. Of course, rise in the percent- 


2 
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Fic. 10. Change of proportions of other lipid fractions with increase in 
proportion of cholesterol esters in plasma lipid mixtures. 


age of any of the four fractions in the lipid mixture is necessarily 
accompanied by an equal fall in the sum of the percentages of the 
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Fig. _ 
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Fic. 11. Distribution diagrams indicating percentages of different lipid 
fractions in the total lipid mixture. The crossed areas represent data from 
men under 70, the circled areas data from men from 70 to 91. The number 
over the arrow on each diagram indicates the mean percentage of the lipid 
in the total lipid mixture. 
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other three. It appears, however, that as the cholesterol ester 
percentage in the lipid mixture deviates from the mean, the com- 
pensatory change in the other fractions is likely to occur chiefly in 
the neutral fat, and vice versa. 

The distribution diagrams in Fig. 11 indicate that age of the 
subject has little effect on the composition of the plasma lipid 
mixture. 


VII 
Change of Lipid Composition with Varying Degree of Normal Lipemia 
All unrejected 
f total 
400-650 651-800 801-1400 
No. of analyses.... 23-24 19-21 18-20 Ca. 64 
ipl 1 1pi ipl 
mg. mg. mg. mg 
per | per per per| per per| per 
100 | cent 100 | cent 100 | cent 1 cent 
cc. ce. cc. ce. 
Free choles- 
terol. ....... 77/14.1| +3.0 241.9 9.4 +1.9) 82/11 8 +3 2 
Cholesterol 
esters. ...... 217/38 +11 .0/247/38 .0/+8 .1/299/30.0! +8.1/247/35.4/+10.3 
Phosphatides. .|132/22.8) +6 .3/173/23 .9/+6 .3/243/24.0) +5.4/181/23.6) +6.4 
Neutral fats. . .|131/23.3 £9 .4/205 28 .0)/+8 0/355/34 .0/4+12.7|193 28.2) +11 3 


s indicates standard deviation. 


Nitrogenous Compounds in the Petroleum Ether Extract 


If the nitrogen in the petroleum ether extract were derived 
entirely from lecithin and cephalin, the atomic N/P ratio would be 
1, and the amino N/P ratio would fall below 1, parallel with the 
proportion of lecithin in the lecithin-cephalin mixture. However, 
Fig. 12 indicates that the N/P ratio is usually 2 to 5, and that the 
amino N/P ratio exceeds 1 in a considerable proportion of petro- 
leum ether extracts. The mean atomic N/P ratio in our observa- 
tions was 3.4, with a standard deviation of +1.5; the mean atomic 
ratio of amino N to P was 1.00, with s = +0.53. Kirk, Page, and 


Page, Kirk, Lewis, Thompson, Van Slyke 633 
Van Slyke found evidence of a phosphatide with a N/P ratio of 2, 


but the proportion in the total phosphatide mixture was small. 
The probable explanation of the high and extremely variable 


Fig 12 
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Fic. 12. Relation of phosphorus to total nitrogen and amino nitrogen 
in the petroleum ether-soluble material of plasma. 
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N/P ratios is that some plasma nitrogenous substances other than 
the phosphatides are extracted with alcohol-ether and redissolved 
by petroleum ether. The nature of these substances is at present 
uncertain. Page, Pasternak, and Burt (1930) found that about 
45 per cent of the petroleum ether-soluble nitrogen in blocd 
extracts was not precipitable with the phosphatides by MgCl. and 
acetone. An attempt to identify the non-phosphatide nitrogenous 
material has been begun by Van Slyke, Page, Kirk, and Farr 
(1935). It appears to be of relatively low molecular weight, as 
the carbon content is only a few times the nitrogen. It behaves 
like a base in being extracted from petroleum ether by acidified 
water. A biological test for choline was negative. The study is 
being continued. 


Comparison of Present Values for Normal Plasma Lipids with 
Values Obtained by Other Methods 


For cholesterol it appears that only data obtained with the 
digitonide method need be considered, for the inaccuracy of the 
colorimetric procedures is recognized (see criticism of the latter by 
Man and Peters (1933)). For the other lipids, recent methods 
have developed rapidly, and it appears desirable to use for com- 
parison only the later modifications of Bloor’s (1928) and Stoddard 
and Drury’s (1929) methods, as developed by Man and Gildea 
(1932-33). As such we have taken the data in Table VIII. 

The mean results of Man and Peters differ from ours probably 
by no more than might be expected, considering the wide range of 
variation in individuals on unrestricted diets, and considering the 
directions which errors of analysis are likely to take by their meth- 
ods and by ours. Their results for phosphatides are calculated 
from the total phosphorus extracted by alcohol-ether, whereas 
ours are from the phosphorus which is extracted with alcohol-ether 
and then redissolved in petroleum ether. The added step in 
purification by resolution in petroleum ether may eliminate as 
much as 20 or 30 per cent of the alcohol-ether-soluble P, as exem- 
plified by the results in Table IX. The difference between Man 
and Peters’ mean results for phosphatides and ours is about what 
might be expected from this difference in technique. 

On the other hand, one would expect the Man and Gildea 
methods used by Man and Peters to give somewhat lower results 
than ours for total lipids. Estimation of the total lipids from the 
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Results from Recent Literature for Lipids in Normal Human Plasma 
The results are in mg. per 100 cc. of plasma. The figures after + signs 
are standard deviations calculated as on p. 615. 


Choles- 
trl | 3 
Authors zs 4 3 a Methods of analysis 
cel siz 
Gardner and |219/; 153) 54 Gravimetric digitonide meth- 
Gainsbor- “aan od before and after saponi- 
ough (1927) 169} 50 fication 
+41/+21 
Man and |12 | 207 2 659} Total cholesterol by gravi- 
Peters +29 +29 +80} metric digitonide method 
(1933) | after saponification. Phos- 


phatide as total P ex- 
tracted by alcohol-ether. 
Total fatty acids by NaOH 
titration after saponifica- 
tion 


Boyd (1935)* | 89} 177| 52) 185} 131} 582| Free and total cholesterol by 
H,.Cr.0; titration of Bloor 
on digitonide pptd. before 
and after saponification. 
Phosphatides by acetone- 
MgCl, pptn. and H,2Cr,0; 
titration. Total fatty 
acids + total cholesterol 
by saponification, pptn., 
and H,Cr,0; titration. 
Neutral fat by difference. 
Total lipids by summation 


Present 232) 82) 181) 225) 735| Free and total cholesterol by 

writers +62)+17|/+71|}+137)/+216| C in digitonide ppts. ob- 
tained before and after 
saponification. Phospha- 
tides as total P soluble in 
petroleum ether. Total 
lipids from total C soluble 
in petroleum ether. Neu- 
tral fat by difference 


* Boyd analyzed several plasma samples, drawn at different times of day, 
from each subject. The results of the separate analyses are not given, so 
that the standard deviations cannot be calculated. 
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Man-Gildea data is based in large degree on the value for total 
fatty acids, which are determined after isolation by saponification 
and precipitation. Any error would be likely to arise from losses 
in these operations, and hence to lead to low rather than high 
results. On the contrary, in the gasometric methods, the total 
lipids are estimated from the total carbon of the extractives soluble 
in petroleum ether. There is no occasion for low results in deter- 
mination of this carbon. On the other hand, it includes small 
amounts of substances which are not fatty acid or cholesterol 
compounds (see the preceding discussion of nitrogenous com- 
pounds in the extract). Such substances would increase the total 
lipids above those obtained by the Man-Gildea method. 


TaBLE IX 
Comparison of Phosphorus in Alcohol-Ether Extract with That Left after 
Resolution in Petroleum Ether* 
The figures indicate mg. per 100 ec. of plasma. Both plasmas were from 
subjects with lipemia. 


Plasma 1 Plasma 2 
P in alcohol-ether extract...................... 38 .30 32.26 
38 .43 32.49 
redissolved in petroleum ether............... 26.95 24.59 
26.59 23 95 
Percentage of alcohol-ether-soluble P redissolved 


* Phosphorus determinations were made in duplicate by the method of 
Kirk (1934), applied to plasma extracts as described on p. 222 of Kirk, Page, 
and Van Slyke (1934). 


Total lipids were not calculated by Man and Peters. We have esti- 
mated them from their data by the approximate formula: 


Total lipids = total fatty acids + total cholesterol + 7.5 (lipid P) 


The formula is derived as follows: Combination of each mole of fatty 
acid in the lipids is accompanied by the elimination of 1 mole of water, 
equal in weight to 0.064 of the weight of stearic or oleic acid. Hence the 
total lipids could be calculated by adding to 0.946 X (total fatty acids) 
the free cholesterol and the glycerol, cholesterol, and nitrogenous phospho- 
glycerides which are combined with the fatty acids to form neutral fat, 
cholesterol esters, and phosphatides, respectively. The glycerol is not 
determined. If, however, we estimate that half the fatty acids are in the 
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form of neutral fats, correction for the glycerol would raise the coefficient 
of the fatty acids from 0.964 to nearly 1. The amounts of glycerylcholine 
phosphate and glycerylaminoethyl phosphate combined in lecithin and 
cephalin can be calculated as 6.8 P and 8.1 P. If the phosphatides con- 
sisted of a mixture of equal parts of lecithin and cephalin, the nitrogenous 
glycerylphosphates combined to form their mixture would be calculated 
as 7.5 X (lipid P). The factor 7.5 can be only approximate, but it appears 
improbable that deviations from it are sufficient to affect markedly the 
calculated total lipid values. 


In Boyd’s results, the relatively low values for total lipids and 
neutral fat are presumably in part attributable to the fact that in 
his technique, like that of Man and Peters, estimation of total 
lipids, and likewise the neutral fats, is based on the total 
fatty acid determination, probably subject to small minus errors, 
whereas our total lipid and neutral fat values depend on total 
lipid carbon, which is probably subject to small plus errors. Toa 
large extent, however, it appears that the low total lipid and neutral 
_ fat values of Boyd may be due to differences in procedure for ex- 
traction of the lipids from plasma. These authors used the origi- 
nal Bloor technique, in which the plasma-alcohol-ether mixture 
is brought to a boil for only a moment, then cooled and filtered. 
Man and Peters and the writers, on the other hand, used the Bloor 
extraction as modified by Man and Gildea, who boil the plasma- 
alcohol-ether mixture for an hour under a reflux to complete the 
extraction. Man and Gildea found that the refluxing increased 
the yield of total fatty acids from 5 to 31 per cent above the yield 
obtained by the original Bloor extraction. 

The cholesterol results of Boyd and of Gardner and Gainsbo- 
rough (who also used the original Bloor extraction) are, like Boyd’s 
total lipid values, markedly lower than the results of Man and 
Peters and of the writers. The most obvious common difference 
in procedure is that the authors who obtained the low results used 
the original Bloor extraction, while Man and Peters and the writers 
used the Man-Gildea modification. However, in analyses of two 
plasmas, each of which was subjected to both types of extraction, 
Kirk, Page, and Van Slyke (1934) (see their Table V) found no 
significant effect of this difference in mode of extraction on values 
obtained for either free or total cholesterol. It is possible that to 
some degree our higher results may be due to the use of a technique 
in which the cholesterol digitonide is precipitated, washed, and 
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determined in the same tube, without opportunity for loss in 
transfer to another vessel for oxidation (Bloor method used by 
Boyd) or for weighing (Gardner and Gainsborough). But such an 
explanation could hardly account for the difference between 50 and 
80 mg. per cent of free cholesterol. 

In order to ascertain whether our higher results might be due to 
incomplete washing out of other lipids from the cholesterol digi- 
tonide precipitate, we performed the following experiment. 


In 5 cc. aliquots of petroleum ether extract from a lipemic plasma (with 
1.7 per cent of total lipids) the free cholesterol was precipitated with — 
digitonin as directed by Kirk, Page, and Van Slyke. The filtrate and 
washings from the precipitate were concentrated to dryness at 60°, and 
0.1185 mg. of cholesterol in petroleum ether solution was added to each 
residue. The latter was redissolved in petroleum ether and again sub- 
mitted to digitonide precipitation. The precipitate was equivalent, in 
duplicates, to 0.1049 and 0.1032 mg. of cholesterol, or 88 per cent of that 
added. The result was not too high, but too low. In control analyses of 
the standard cholesterol solution, the amounts regained were 0.1187 and 
0.1218 mg., averaging 101.4 per cent of theoretical. 


It appears that our washing procedure is adequate to remove 
other lipids from the cholesterol digitonide, and that our results 
for cholesterol determined in the presence of the other lipids are 
likely to be low rather than high. For the fact that our normal 
cholesterol values range so much higher than those of Boyd and 
of Gardner and Gainsborough, we therefore lack an explanation. 
We can find no source of error for our results, and none is obvious 


for theirs. 


SUMMARY 


The cdncentration ranges in plasma of normal men have been 
ascertained for the different plasma lipids determined by the 
gasometric methods of Kirk, Page, and Van Slyke. 

Variations of age, from 20 to 90 years, have not been found to 
have a determinable influence on either the amount or the composi- 
tion of the plasma lipids. 

Part of the amino and non-amino a obtained in the 
petroleum ether extracts appears to be derived from substances 
other than phosphatides. 
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THE EFFECT OF AGE ON THE PLASMA CALCIUM 
CONTENT OF MEN 


By ESBEN KIRK, WILLIAM H. LEWIS, Jr., ann WILLIAM R. 
THOMPSON 


(From the Hospital of The Rockefeller Institute for Medical Research, New 
York, and the Biophysical Laboratory of the Department of Pathology, 
Yale University, New Haven) 


(Received for publication, July 30, 1935) 


The object of the present work was to ascertain whether with 
advancing age, and the common tendency to calcification, changes 
occur in the plasma calcium concentration. 

The subjects were all males, and were normal in so far as could be 
ascertained by clinical examination. They were part of the group 
who provided the plasmas for the accompanying study of plasma 
lipids (Page, Kirk, Lewis, Thompson, and Van Slyke (1935)). 
The plasma was obtained as there described. The calcium 
determinations were made in duplicate by the gasometric method 
of Van Slyke and Sendroy (1929). 

The results given in Table I fail to reveal any effect of age 
changes up to the age of 85, beyond which the data are too few to 
permit interpretation. Statistical analysis of the results of age 
classes, by the method used in the accompanying paper (Page, 
Kirk, Lewis, Thompson, and Van Slyke (1935)), indicate that the 
variations between classes were no greater than would be expected 
by the variations within classes. 

It appears that up to the age of 85 the plasma calcium content 
of the normal adult man undergoes no changes capable of detec- 
tion by the data obtained. 
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TABLE I 
| 
ar ar 
Subject Age Subject | Age f — 
. from class from 
mean mean 
pre. mg. per | mg. per| mg. per ure. mg. per | mg. per | mg4per 
100 cc. | 100 ce. | 100 cc. 100 ee. 100 ce 100,cc. 
Gr 40 10.0 Ha 71 98 
Dr 41 8.8 Mo 72 10 0 
To 41 9.7 Vi 72 10 7 
kl 44 10.6 Ab 72 10.4 
Mck 44 10.5 99] 0.7 | Sp 72 10.2 
; Ho 73 9.2 10.0 | 0.5 
Cr 45 10.0 
kd 47 9.1 El 75 9 8 
Co 47 10.8 Is 76 9 4 
Ja 48 12.7 Mi 77 10.9 
Dy 49 §.7 |104] 1.4 |] Ob 77 10.0} 100 | 06 
Ho 50 13.0 Ph 80 (8.0) 
To 51 8.4 Kl 80 10.3 
Wi 51 10.5 | 10.6 | 2.3 | McK 80 9.6 
Ba 81 9.6 
Ne 59 8.3 Hu 82 | 10.1 
McM 53 12.0 In 82 10.3 
Na 56 | 10.7 No 83 | 105] 98109 
Bi 57 10.7 
Po 59 10.2 |104} 1.3 | Ha 85 9 6 
Ro 60 | 10.7 Aa 89 | 100] 93] 10 
Go 63 10.2 
kd 63 9 6 St 91 9 2 
Ka 64 9.5 
Sh 64 90 Be 101 8.1 
La 64 10.1 98] 06 | 
Pi 65 10.4 
Jo 66 11.1 
Wi 68 10.1 
Sm 69 9%3 102!) 08 
The figure in parentheses was excluded in calculating the mean and 
deviation. 
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SELENIUM IN PROTEINS FROM TOXIC FOODSTUFFS* 


III. THE REMOVAL OF SELENIUM FROM TOXIC PROTEIN 
HYDROLYSATES 


By E. PAGE PAINTER anp KURT W. FRANKE 


(From the Department of Experiment Station Chemistry, South Dakota State 
College, Brookings) 


(Received for publication, July 23, 1935) 


Since Robinson (1933) found selenium in certain samples of toxic 
foodstuffs reported by Franke (1934), little has appeared to eluci- 
date the chemical réle of this element in the foodstuffs. 

Franke and Painter (1935) found that the selenium is linked in 
the protein of the toxic grains in such a manner that it is not 
removed by solvents for selenium or inorganic selenium com- 
pounds. The selenium in the grains differs in this respect from 
that reported by Beath and coworkers (1934) who found the 
selenium compounds removed from certain plants by water 
extraction. Franke and Painter (1935) also reported that the 
selenium appeared in solution in organic combination in the 
hydrolysates when toxic proteins were hydrolyzed with acids. 
Later they (Painter and Franke, 1935) hydrolyzed toxic proteins 
with acids and studied the selenium distribution in the insoluble 
humin and hydrolysates. The proportion of total selenium in the 
humin increased when humin formation was increased. In an- 
other study (unpublished data) a similarity between labile sulfur 
and “labile selenium” was evident when toxic proteins were 
hydrolyzed with alkaline plumbite. A large proportion of the 
selenium was in the lead sulfide formed. 


* Published with the permission of the Director of the South Dakota 
Agricultural Experiment Station as Communication No. 16 from the 
Department of Experiment Station Chemistry. These investigations are 
being carried out under the Purnell Fund and with the cooperation of the 
Bureau of Chemistry and Soils, Bureau of Plant Industry, Bureau of Anima! 
Industry, and Bureau of Home Economics of the United States Department 
of Agriculture. 
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In this paper the removal of selenium from toxic protein hydrol- 
ysates is reported. 


Plan of Experiment 


It has been found (Painter and Franke, 1935) that most of the 
selenium in toxic proteins is in the hydrolysate when the proteins 
are hydrolyzed by the usual methods. Since amino acids are the 
known products of protein hydrolysis, the common methods of 
separating them from hydrolysates were used to determine whether 
the selenium-containing compound (or compounds) could be 
separated in a similar manner. 

It should be emphasized that orthodox procedures were not ' 
rigidly followed, and alterations of methods were freely practised. 
This appears justifiable, inasmuch as an unidentified compound 
(or compounds) containing selenium is present in toxic protein 
hydrolysates. In case a selenium homologue of cystine or meth- 
ionine were present, it would not have properties exactly like those 
of the sulfur compounds, but they probably would be similar in 
some respects. Owing to this probability, particular emphasis is 
given the two amino acids, cystine and methionine. 

Furthermore, it was desirable to remove the selenium from a 
toxic protein hydrolysate to determine whether or not it was still 
toxic. 


EXPERIMENTAL 


The source and method of separation of the protein used in this 
investigation have been described (Franke and Painter, 1935). 
The proteins were hydrolyzed with sulfuric acid (Painter and 
Franke, 1935), the insoluble humin filtered off and washed, and the 
acid removed with barium hydroxide. The barium sulfate was 
centrifuged and washed several times with hot water. The 
washings were added to the neutral (free from sulfuric acid or 
barium) hydrolysate. This hydrolysate was used as the starting 
point of all the separation procedures. The solution was concen- 
trated by vacuum distillation or diluted with distilled water when 
adjustments in volume were necessary. 

Owing to the amount of humin formed during the hydrolysis, the 
tryptophane present in the protein was probably decomposed. 
The work of Gortner and his collaborators (1915, 1917) and Holm 


E. P. Painter and K. W. Franke 645 


and Greenbank (1923) indicates that this amino acid is practically 
quantitatively decomposed during acid hydrolysis when humin 
formation is large. 

After each separation the approximate quantity of selenium in 
the fractions was determined. Selenium was determined by 
the alkaloidal test described by Horn (1934) and the procedure 
described by Robinson ef al. (1934). When a3 gm. sample gave a 
negative selenium test, it was considered selenium-free. 


Extraction Methods 


Extraction with Organic Solvents—-Marx (unpublished data) 
extracted a toxic protein hydrolysate with chloroform, petroleum 
ether, alcohol, and benzene. In no case was selenium removed, 
nor was a crystalline compound obtained. 

Extraction with Butyl Alcohol—It was found (Potter, unpub- 
lished data) that nearly all the selenium passed into the butyl 
alcohol fraction when a toxic protein hydrolysate was separated by 
the method described by Dakin (1918). After 72 hours of con- 
tinuous extraction only a trace of selenium remained in the neutral 
aqueous solution. All the amino acids except the basic and dicar- 
boxylic acids and glycine (?), hydroxyglutamic acid (?), and 
tyrosine (?) are extracted by butyl alcohol. Pirie (1932) has 
shown that methionine is readily extracted by butyl alcohol. 
That cystine slowly passes into the butyl alcohol fraction has been 
shown by Zahnd and Clarke (1933) and Hess and Sullivan (1935). 
They also found that cysteine passes into the butyl alcohol more 
readily than cystine. 


Precipitation Methods 


Precipitation with Phosphotungstic Acid—-The well known 
method for the precipitation of the bases, lysine, arginine, and 
histidine, together with cystine, precipitated less than half the 
selenium from toxic protein hydrolysates. Both the methods 
described by Morrow (1927) and Vickery and Leavenworth (1929) 
were used. Thimann (1930) has shown that proline is partly 
precipitated by phosphotungstic acid. The solubility of cystine 
phosphotungstate depends upon the degree of racemization. 
Hoffman and Gortner (1922) and Plimmer and Lowndes (1927) 
found that the phosphotungstate of inactive cystine is much more 
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soluble than the phosphotungstate of J-cystine. Undoubtedly 
there was appreciable racemization of cystine during hydrolysis 
by the method used. 

Precipitation with Copper—Town (1928) and Brazier (1930) use 
copper carbonate as an amino acid precipitant. Separation of the 
amino acids is effected by the solubilities of their copper salts in 
different solvents. The water-soluble copper salts contained from 
a trace to about half the selenium present in the hydrolysate. 
Consistent results were not obtained when precipitations were 
carried out under similar conditions. The amino acid complexes 
of copper insoluble in water are those of leucine, phenylalanine, 
and aspartic acid (Town, 1928; Brazier, 1930). Vickery and 
Leavenworth (1929) have shown that cystine is 95 per cent precipi- 
tated by copper hydroxide in a solution containing cystine and 
histidine. Mueller (1923) prepared the copper salt of methionine 
with copper carbonate and found that it was almost insoluble in 
cold water, but moderately soluble in hot water. 

Vickery and White (1932-33) use cuprous oxide to precipitate 
cysteine. Cystine is boiled with sulfuric acid in the presence of 
tin to reduce it to cysteine. The cuprous mercaptide precipitates 
quantitatively. By the use of this procedure on toxic protein 
hydrolysates, approximately half the selenium appeared in the 
cuprous mercaptide precipitate. Methionine is not precipitated 
under the conditions employed (Vickery and White, 1932-33). 

Precipitation with Silver Sulfate and Silver Oxide—The silver 
precipitation of Kossel and Kutscher (1900) for the determination of 
arginine, lysine, and histidine is probably the most satisfactory pro- 
cedure for precipitating these amino acids. By following the modifi- 
cation described by Vickery and Leavenworth (1928) a very small 
amount of selenium was in the precipitates. A trace of selenium 
was in the precipitates formed in both neutral and alkaline solu- 
tions. However, the amount was so small that it was probably 
due to a contaminant. These authors have shown (Vickery and 
Leavenworth, 1929) that a small amount of cystine is precipitated 
by silver sulfate in acid solution and that none is precipitated by 
silver oxide in alkaline solutions. 

Precipitation with Mercury Salts—Three mercury salts, the 
sulfate, acetate, and chloride, have been studied. Each appeared 
to be superior to other amino acid precipitants in precipitating 
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selenium. Precipitation with Hopkins and Cole’s reagent (1901- 
02) in 5 per cent sulfuric acid resulted in only partial precipitation 
of the selenium present. It was found that more selenium was in 
the precipitate when precipitation was carried out in a nearly neu- 
tral solution. However, appreciable amounts of selenium remained 
in the solution when mercuric sulfate was used. When mercuric 
acetate was used, more amino acids were precipitated from solu- 
tion than when the sulfate or chloride was used, but some selenium 
remained in solution. Mercuric chloride has proved to be the 
best precipitant for the selenium compounds yet found. It would 
completely precipitate the selenium from a nearly neutral hydrol- 
ysate. 

The following procedure was developed, which precipitated the 
selenium so nearly quantitatively that present methods for the 
detection of selenium were not sensitive enough to detect it in a 
reasonable amount of the soluble hydrolysate. To the hydroly- 
sate from 100 gm. of toxic protein in 3 liters of solution solid barium 
carbonate is added in excess. 2 liters of saturated mercuric 
chloride are then added while the solution is stirred. A flaky 
precipitate forms immediately. The solution is allowed to set at 
room temperature, with frequent stirring, for 1 hour. The 
mercury precipitate and undissolved barium carbonate are filtered 
off with a Buchner funnel and the precipitate is washed two or 
three times with water. The filtrate is practically free from 
selenium. After the mercury, chlorine, and barium have been 
removed, and the amino acids dried, the alkaloidal test on a 3 gm. 
sample is negative. A positive test can be obtained on less than 
0.1 gm. of the toxic protein, so less than one-thirtieth of the 
selenium originally present is in this filtrate. The distillation 
method (Robinson, Dudley, Williams, and Byers, 1934) indicated 
less than 3 parts per million of selenium. As in all similar pro- 
cedures, results are somewhat variable. 

Over 60 mercuric chloride precipitations have been made. One 
precaution must be considered. The mercuric chloride must be 
saturated. It should be dissolved by heating, and the solution 
used after it has cooled down to room temperature. 

In general mercury salts precipitate histidine and tryptophane 
quantitatively, and cystine and tyrosine to a less extent. Mer- 
curic sulfate in 5 per cent sulfuric acid has been used to precipitate 
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cystine (Hopkins and Cole, 1901-02). Under these conditions 
Vickery and Leavenworth (1929) found 86 per cent of the cystine 
precipitated. These authors (1928) also use Hopkins’ reagent to 
precipitate histidine. Pirie (1932, 1933) and Mueller (1923) and 
du Vigneaud and Meyer (1931-32) used mercury salts to precipitate 
methionine. In his later paper, Pirie (1933) describes the com- 
bined action of mercuric acetate and phosphotungstic acid to pre- 
cipitate methionine. In both Pirie’s procedures methionine is 
recovered from a final precipitation in which mercuric chloride is 
used. He states that both the sulfate and chloride ion have an 
inhibiting action on the precipitation of methionine in an amino 
acid solution. In both the older methods for isolating methionine 
(Mueller, 1923; du Vigneaud and Meyer, 1931-32) the amino acid 
was precipitated from a solution neutral to Congo red. 

By the method described for removing the selenium from toxic 
protein hydrolysates, the selenium in the hydrolysate from 100 
gm. of protein is in the mercuric chloride precipitate which con- 
tains approximately 5 gm. of amino acids. 


DISCUSSION 


The results obtained by precipitating selenium from toxic 
protein hydrolysates with different amino acid precipitants does 
not restrict the properties of the selenium compound to those 
identical with any one amino acid. In fact more than one com- 
pound of selenium is indicated. It would be very difficult to 
conceive a single compound partially precipitated by every one 
of the precipitants used but only completely precipitated by one. 
However, it is entirely probable that other precipitants than mer- 
ecuric chloride would quantitatively precipitate the selenium 
compounds under very definite conditions. 

Few conclusions can be reached regarding the chemical proper- 
ties of the selenium compound (or compounds) when only one 
property—that of the solubility of several of its metallic com- 
plexes—has been studied. The properties in regard to solubility 
resemble those of cystine, methionine, histidine, and possibly 
tryptophane. Every amino acid reagent used precipitating these 
amino acids precipitates some selenium and every hydrolysate 
fraction containing these amino acids in appreciable quantity 
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contained some selenium. Since the solubilities of these amino 
acids resemble each other closely, and since little is known of the 
solubilities of the compounds of methionine, it is difficult to 
eliminate the known amino acids. 

One difficulty has deterred progress toward isolating the sele- 
nium-containing compound. When the metallic precipitate of 
amino acids containing a concentration of selenium was decom- 
posed with hydrogen sulfide, a large proportion of the selenium 
always was in the metallic sulfide formed. This has made several 
separations of the selenium-containing compounds of toxie pro- 
tein hydrolysates by precipitations very difficult. This was 
pronounced when cystine in a toxic hydrolysate was reduced to 
cysteine. Upon decomposition of the cuprous mercaptide with 
hydrogen sulfide, all of the selenium in the precipitate appeared 
in the cuprous sulfide formed, which suggests that an unstable 
selenol existed. The selenides of heavy metals are extremely 
insoluble compounds. 

If one of the known amino acids contained selenium in one of its 
usual organic combinations, the selenium would undoubtedly 
replace a sulfur or oxygen atom (Bradt and Van Valkenburgh, 
1929; Bradt, 1930, 1934; Bradt and Green, 1931; Bradt and Cro- 
well, 1931). The probability that it would replace sulfur has 
been suggested (Painter and Franke, 1935). A compound entirely 
unlike those of the known protein hydrolysis products is not 
precluded. 

There is evidence that most of the selenium is in a compound 
very similar to cystine. All cystine and cysteine precipitants used 
precipitate some selenium, and some selenium is removed from 
toxic hydrolysates under the same conditions that labile sulfur is 
split off from cystine or cysteine. It has also been shown (Painter 
and Franke, 1935) that a compound of selenium is present which 
decomposes more readily in acid solutions than cystine. Mercuric 
chloride was found to precipitate probably all the selenium from 
toxic protein hydrolysates. Cystine cannot be completely precip- 
itated in this manner. The quantitative precipitation of cystine 
by heavy metals is precluded because one-sixth of the sulfur is 
oxidized when silver (Vickery and Leavenworth, 1930), mercury, 
or copper (Simonsen, 1931-32; Preisler and Preisler, 1930, 1932) 
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salts are employed; this may also occur with other metals. Evi- 
dently this did not happen with a selenium compound. It is 
known that sulfur is more easily oxidized than selenium. 

In an earlier paper (Painter and Franke, 1935) it was stated 
that the molar selenium-sulfur ratio was approximately 1:148 in 
the protein under investigation. Since many of the properties of 
the selenium-containing compounds closely resemble those of the 
sulfur-containing amino acids, the difficulty in separating the two 
is obvious. This difficulty is further augmented by the unstabil- 
ity of the selenium in its naturally occurring linkages. 


SUMMARY 


Toxic proteins have been hydrolyzed and the removal of sele- 
nium has been attempted by various methods. Most of the sele- 
nium passed into the butyl alcohol when extracted from a nearly 
neutral hydrolysate. Precipitations were carried out with phos- 
photungstic acid, copper, silver, and mercury salts. In all cases a 
fraction of the selenium was in the precipitate. A procedure with 
mercuric chloride was developed whereby all the selenium com- 
pounds were precipitated. 
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THE ALKALOID OF CHIN-SHIH-HU 


By K. K. CHEN anv A. LING CHEN 
(From the Lilly Research Laboratories, Indianapolis) 


(Received for publication, July 25, 1935) 


Chin-shih-hu is a Chinese medicinal herb and has been extolled 
chiefly as a tonic and antipyretic (1). The specimens obtained 
from the Chinese wholesale drug houses consist of the dried stems 
only, the roots, leaves, and flowers having been eliminated. The 
plant grows among rocks in the mountainous regions of south- 
western China, and blooms during the summer months. Occa- 
sionally, it is cultivated for ornamental purposes. The botanical 
identification of chin-shih-hu, as with many other Chinese drugs, 
is still in question. According to Stuart (2), it is Dendrobium 
nobile, family of Orchidacee, but in “Botanical nomenclature” 
(3), it is classified as Dendrobium moniliforme. It is certain, 
however, that chin-shih-hu comprises a group of several species, 
as will be shown below. 

Scientific work on this traditional drug was initiated by Suzuki, 
Keimatsu, and Ito (4-6) who isolated a new alkaloid named 
dendrobine, m.p. 134°. They presented evidence that the prin- 
ciple is a tertiary base having a methyl group and a lactone ring. 

During the past 3 years we have had an opportunity to study 
the Szechuan variety of chin-shih-hu, purchased in Shanghai. 
The dried stems, golden yellow in color, and approximately 26 cm. 
in length, are tied in small bundles. As viewed after cutting, they 
are solid in structure. There are nodes at definite intervals. The 
internodes near the tip measure on the average 2.3 cm., and those 
near the root 3.6 em. By the usual method of extraction, the 
presence of alkaloids was clearly demonstrated. The sample 
showed a content of 0.52 per cent total alkaloids when assayed 
according to the u.s.p. procedure for belladonna leaves! (7). 


1 We are indebted to Mr. FE. J. Hughes for his assistance in the alkaloidal 


assay of our specimen. 
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The alkaloid dendrobine can be easily isolated in crystalline 
form by the method to be described in a later section. Our process 
utilizing sodium hydroxide and isopropyl alcohol appears to give 
better: yields than that of Suzuki, Keimatsu, and Ito (4). The 
results of combustion analyses and molecular weight determina- 
tions suggest the empirical formula CisH2;0.N, which completely 
agrees with the revised formula of the Japanese workers (6). A 
series of eleven salts and derivatives, seven of which are new, has 
been prepared, and their analytical data, wherever available, also 
support the validity of the proposed formula. Incidentally, the 
melting points of the hydrochloride, hydriodide, and methiodide 
are much higher than those reported by Suzuki and Keimatsu (5). 

The pharmacological action of dendrobine will be reported else- 
where. It suffices here to say that the alkaloid has a slight anti- 
pyretic action in rabbits, and, in moderate doses, a depressor 
action in etherized cats. It inhibits isolated rabbit intestine but 
contracts isolated guinea pig uterus. The minimal lethal dose of 
dendrobine hydrochloride by intravenous injection has been 
determined to be 20 mg. per kilo in mice and rats, 22 in guinea 
pigs, and 17 in rabbits. 

In the course of our work, a sample of the Kweichow variety of 
chin-shih-hu was made available to us. These stems were longer 
than those of the Szechuan variety, the average length being 36.6 
cm.; otherwise their appearance was almost the same. By the 
application of our method, however, we failed to isolate any 
dendrobine, although we obtained evidence of the presence of a 
different alkaloid. Owing to the small amount existing in the 
plant, this latter alkaloid has not been separated in pure form. 
This substantiates our contention that the chin-shih-hu of com- 
merce consists of several species. Suzuki, Keimatsu, and Ito 
(4, 8) had a similar experience with their various samples. 


EXPERIMENTAL 


A quantity of 25 kilos of the powdered drug was percolated with 
methanol until exhausted. The percolate was distilled under 
diminished pressure to a syrup, then diluted with 2.5 per cent 
hydrochloric acid, strained through cheese-cloth, and filtered. 
The acid solution was concentrated to one-half its volume under a 
vacuum, and treated with 10 per cent sodium hydroxide until it 
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became distinctly alkaline. The whole was repeatedly extracted 
with a chloroform-ether mixture in the proportion of 4:1. Upon 
evaporation to almost dryness, the residue was stirred vigorously 
with a small volume of isopropyl alcohol and quickly filtered by 
suction. This removed a great portion of the impurity. The 
semicrystalline mass was dissolved in hot isopropyl alcohol and 
decolorized with charcoal. When the solution was chilled in an 
ice mixture, dendrobine crystallized out in colorless prisms. Purifi- 
cation was effected by recrystallizing several times from the same 
solvent. A total of 47.8 gm. of the alkaloid with a sharp melting 
point was obtained. 

Dendrobine melts at 136° (corrected) and has a specific rotation 
of [a] = —52° in alcohol. It sublimes gradually above 50°. 
It is soluble in ether, acetone, chloroform, methyl, ethyl, and 
isopropyl alcohols, but is insoluble in water. It forms heavy 
precipitates with Mayer’s and Wagner’s reagents, and produces 
with phosphotungstic acid a milky turbidity, which soon disap- 
pears but reappears upon standing. It gives no color reactions 
with concentrated mineral acids in the cold. From the following 
data, the empirical formula C,6H2;O2N is proposed. 


Analysis?—C 
Calculated. C 72.95, H 9.57, N 5.32, mol. wt. 263 
Found. 73.10, 9.57, 5.51, “ 250 
“72.92, 9.60, “5.47, “ 254 


Dendrobine hydrochloride, CisH2O2N-HCl, was prepared by 
dissolving the alkaloid in alcohol and adding to it an excess of 5 
per cent hydrochloric acid. The whole was evaporated to dryness 
under a fan, and the residue was dissolved in isopropy]! alcohol. 
When this solution was chilled in an ice mixture and ether was 
added, the hydrochloride crystallized out at once. The salt forms 
colorless, fine thin plates, melts sharply at 193° (corrected), and has 
a specific rotation of [a]? = —40.3° in water. If it is contami- 
nated with a slight impurity, there will be no definite melting point 
but a decomposition point above 240°. This is probably what 
Suzuki and Keimatsu obtained. The hydrochloride is very soluble 


2 All the analyses and molecular weight determinations (Rast) reported 
in this paper were made by Dr. Ing. A. Schoeller, Berlin-Schmargendorf, 
Germany. 
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in water and alcohol but less soluble in isopropyl alcohol, and 
insoluble in ether. 


HCl 
Calculated, Cl 11.83; found, Cl 11.40, 11.36 


Dendrobine hydrobromide, C\sH2,02N -HBr, was made in the same 
manner as the hydrochloride, except that the purification and 
recrystallization were carried out in an ethyl alcohol-ether mixture. 
This salt forms large prisms, melts at 259-259.5° (corrected), and 
has a specific rotation of [a]2® = —34.3° in water. It is soluble in 
water and alcohol but insoluble in ether. 

Dendrobine hydriodide, CisH2302N-HI, was prepared by the 
same method as the hydrobromide. It crystallizes in needles, 
melts at 284—284.5° (corrected), and has a specific rotation of 
[a]2° = —29° in water. It is soluble in water, less soluble in 
alcohol, and insoluble in ether. 


A nalysis—C ;6H2,0.N -HI 
Calculated, I 32.17; found, I 32.18, 32.22 


Dendrobine nitrate, Ci1sH202N -HNOs, was prepared in a similar 
manner to the hydrochloride, and recrystallized from absolute 
ethyl alcohol upon the addition of ether. It forms polygonal 
prisms, melts at 198.5-199° (corrected), and has a specific rotation 
of [a]??> = —30.2°? in water. It is soluble in water, alcohol, and 
acetone. 

Dendrobine sulfate, (CigHesO2N)2-H2SOs, was formed by sus- 
pending the alkaloid in water and adding 10 per cent sulfuric acid 
until the particles were dissolved and the solution became acid 
to litmus. After evaporation to dryness under a fan the residue 
was taken up in hot acetone. The sulfate crystallized out on 
standing in a refrigerator. It forms large prisms, melts at 178° 
(corrected), and has a specific rotation of [a]?8 = —36.7° in water. 
It is soluble in water and alcohol, but insoluble in ether. 

Dendrobine oxalate, (CijsH2502N )2-C2H204, was made by dissolv- 
ing the alkaloid in a small volume of alcohol and adding a 10 per 
cent solution of oxalic acid until acid to litmus. After evaporation 
to dryness under a fan, the mass was dissolved in hot acetone and 
chilled in a refrigerator. Well formed needles appeared at once 
after the addition of a few drops of water. The oxalate melts at 
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137-138° (corrected) and has a specific rotation of [a]?°* = —50.8° 
in aleohol. It is soluble in alcohol, acetone, and ether, but insol- 
uble in water. 

Dendrobine picrate, CisH2s02N -CsH307;N3, was prepared by dis- 
solving the alkaloid in aleohol and acidifying the solution with 
picric acid. Upon the addition of ether the salt was promptly 
precipitated out. It was purified and recrystallized from a 
mixture of isopropyl and ethyl alcohols. The picrate forms yellow 
prisms and melts at 210° (corrected) with decomposition. It is 
soluble in chloroform and acetone, but less soluble in ethyl and 
isopropyl alcohols, ether, and water. 

Dendrobine flavianate, CisH2502N - was obtained in 
the same manner as the picrate. It crystallizes in yellow rosettes 
of feathery needles, decomposes at 212° (corrected), and is soluble 
in alcohol, acetone, and chloroform. 

Dendrobine methiodide,*® CysH2s02N -CH3I, was prepared by dis- 
solving the base in methyl alcohol and adding to it methyl] iodide. 
The whole was refluxed for 25 hours. Upon evaporation, yel- 
lowish orange needles were formed. It was purified in a mixture 
of butyl alcohol and ether. Dendrobine methiodide crystallizes 
in fine rosettes, melts at 246° (corrected), and has a specific rota- 
tion of [a]®” = —28.8° in alcohol. It is soluble in ethyl, isopropyl, 
and butyl alcohols and water, but slightly soluble in ether. The 
compound apparently decomposes in solution upon standing. 


Analysis—C -CHsl 
Calculated, I 31.33; found, I 31.15 


Dendrobine aurichloride, was easily pre- 
pared by dissolving a sufficient amount of the alkaloid in dilute 
hydrochloric acid and adding to it a solution of chloroauric acid. 
A precipitate was at once formed. The product was purified and 
recrystallized in dilute aleohol. Dendrobine aurichloride forms 
golden rosettes, melts at 183-184° (corrected), and is more soluble 
in aleohol than in water. 


A nalysis—C HAuCl, 
Calculated, Au 32.70; found, Au 32.91 


>We are indebted to Dr. A. M. VanArendonk for his assistance in pre- 
paring dendrobine methiodide, aurichloride, and platinichloride. 


658 Chin-Shih-Hu 


Dendrobine platinichloride, (CigH2s02N )2- H2P tCle, was formed 
by the interaction of the base with chloroplatinic acid in alcohol. 
After chilling, the mass was filtered, and purified from hot water. 
The platinichloride crystallizes in fine, orange-colored clusters, 
melts at 283° (corrected), and is relatively more soluble in water 
than in alcohol. 


)e H.PtCl. 
Calculated, Pt 20.84; found Pt 20.96, 21.16 


SUMMARY 


The Szechuan variety of the Chinese drug chin-shih-hu con- 
tains an average of 0.52 per cent total alkaloids. 

A method has been described for the isolation and crystalliza- 
tion of the alkaloid, dendrobine, CisH2,O2.N. A series of eleven 
salts and derivatives has been prepared and characterized—the 
hydrochloride, the hydrobromide, the hydriodide, the nitrate, 
the sulfate, the oxalate, the picrate, the flavianate, the methiodide, 
the aurichloride, and the platinichloride. 

The Kweichow variety of chin-shih-hu yields no dendrobine. 
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ON PROTEOLYTIC ENZYMES 


VIII. THE PROTEOLYTIC SYSTEMS OF PAPAIN 


By MAX BERGMANN anv WILLIAM F. ROSS 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, July 27, 1935) 


The favorable effect of HCN on papain, first noted by Vines (1), 
was established by Mendel and Blood (2) and Frankel (3) as an 
activation of the enzyme. Willstaitter and Grassmann (4) in a 
quantitative investigation determined the proteolytic behavior of 
the natural and HCN-activated enzyme. Natural papain split 
proteins and the activated form split both proteins and peptones. 
Both effects were attributed to the same individual enzyme, whose 
range of specificity was extended by activation. Grassmann, 
Ambros, Waldschmidt-Leitz, Maschmann, and Bersin have studied 
this activation. Bersin (5) has concluded that the activation 
process consists of a transformation of disulfide into sulfhydryl 
(thiol) groups. He regards the active enzyme as the thiol and the 
inactive as the disulfide form, and takes the number of thiol groups 
to be indicative of the activity of a given enzyme preparation. 

There has recently been found in this laboratory (6, 7) a series 
of simple synthetic substrates for HCN-activated papain—acylated 
peptides such as carbobenzoxydiglycylglycine and even hippuryl- 
amide, which are readily hydrolyzed by papain-HCN. The 
problem was presented whether that enzyme system of papain 
which splits these synthetic substrates in the presence of HCN is 
identical with the system which hydrolyzes proteins. Therefore, 
with the help of the synthetic substrates, we have begun an 
investigation of the enzymic homogeneity and activation process 
of papain. 

There was used in this research a crude papain obtained by 
evaporating in vacuo the juice of the Carica papaya fruit. Although 
this preparation was already effective in splitting gelatin, it was 
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found to be inactive upon such synthetic substrates as hippuryl- 
amide and carbobenzoxydiglycylglycine (Table I). The enzyme 
system of papain which attacks gelatin is therefore without effect 
on hippurylamide and carbobenzoxy tripeptides. If the partial 
activity of natural papain is due to an accompanying activator, 
this activator, whatever it is, does not or cannot activate the 
polypeptidase system we are studying. 

In order to examine the effect of different activators, we have 
used hydrogen cyanide, thioglucose, and hydrogen sulfide with 


TABLE 
Activation of Natural Papain 
The increase is measured in ml. of 0.01 N KOH per 0.2 ml. of solution. 


Hydrolysis 
Activator Substrate 
2 hrs. 24hrs. | 50hrs. | 100 hrs. 
Gelatin 0.36 0.85 | 1.17 
0.30 0.45 | 0.47 
Hippurylamide 0.03* | 0.05 | 0.02 | 0.04 


Carbobenzoxytriglycine | 0.01* | 0.02 | 0.00 | 0.05 


HCN Gelatin 0.90 1.68 | 1.89 
0 61 1.41 
= Hippurylamide 0.16 1.05 | 1.02 
0.21 1.06 | 1.08 
Thioglucose | Gelatin 0.64 1.38 | 1.33 | 1.50 
Hippurylamide 0.05 0.70 1.03 
H.S Gelatin 0.44 
“s Hippurylamide 0.05 0.47 | 068 | 0.71 


* 1.00 ml. represents 100 per cent splitting for all synthetic substrates. 


crude papain. The effect of all these activators was the same 
(Table I); not only was the hydrolysis of gelatin increased, but a 
typical synthetic substrate like hippurylamide was readily split.! 
These activators therefore effect an extension of the specificity 
range of the papain aggregate analogous to that observed by 
Willstatter and Grassmann. 

Experiments were then performed in which papain was first 
completely inactivated by oxidation and then treated with the 


1HCN-activated papain did not split the typical dipeptidase, amino- 
peptidase, and carboxypeptidase substrates. 
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usual activators. The inactive papain was prepared by treating a 
solution of the enzyme with hydrogen peroxide and isolating the 
product by the addition of alcohol (Bersin and Logemann (8)). 
It was then completely inactive upon gelatin, as well as upon the 
synthetic acylated substrates (Table II). After reactivation with 
HCN, thioglucose, or thioglycolic acid gelatin was readily split, 
but neither hippurylamide nor carbobenzoxydiglycylglycine was 
attacked. Completely analogous were experiments in which 
iodine-oxidized papain was reactivated with hydrogen cyanide. 
Synthetic substrates were not hydrolyzed (Table III). The 
iodine-oxidized enzyme was not isolated from the solution. 

As a result of these experiments one can differentiate between 
four stages of activity for papain as follows: (1) natural enzyme, 
effective on gelatin, without effect on synthetic substrates (or 
peptones), but capable of being activated for the latter (potential 
activity for synthetic substrates); (2) activated natural enzyme, 
effective both on gelatin and synthetic substrates (also peptones) ; 
(3) oxidized enzyme (H2O, or Iz), no activity upon either of the 
above substrates, but with potential activity for gelatin; (4) 
enzyme activated after oxidation, effective on gelatin but ineffec- 
tive and incapable of being activated for synthetic substrates. 

The activation processes of papain for gelatin and for the 
synthetic substrates are independent of each other. Therefore, 
there must be in natural papain two different proteolytic enzymes, 
a proteinase and a polypeptidase, which differ not only in their 
substrates but also in their behavior on oxidation. In contrast 
to the reversible activity of the proteinase, that of the polypepti- 
dase is, after oxidation, not reversible. It cannot be explained 
by a simple disulfide-thiol system. In case there is such a system 
in the polypeptidase, it must be combined with other essential 
groups. 

As an approach to the question whether there are carbonyl 
groups in the papain polypeptidase, its behavior with phenyl- 
hydrazine was studied. Phenylhydrazine was added to the HCN- 
activated papain solution before beginning a hydrolysis (Table IV). 
Unde_ these conditions there was no splitting of hippurylamide, 
although gelatin was hydrolyzed at a rate only slightly less than 
that without the hydrazine. It is remarkable what an extremely 
small amount of phenylhydrazine (0.0006 mm per ml. of test 
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solution) is capable of preventing the splitting of the synthetic 


substrates. 


Activation of Papain after Oxidation with Hydrogen Peroxide 


TABLE II 


The increase is measured in ml. of 0.01 nN KOH per 0.2 ml. of solution. 


Hydrolysis 
Activator Substrate 
2 hrs. | 24 hrs. | 50 hrs. | 100 hrs. 
Gelatin —0.02} 0.06; 0.03 
Carbobenzoxytriglycine | 0.01; 0.01; 0.02) 0.06 
HCN Gelatin 0.02} 0.58 1.60 
0.97; 1.47) 1.64 
Hippurylamide 0.01; 0.05) 0.00) 0.02 
Carbobenzoxytriglycine .06|—0.08 
0 .00/ —0 .04/—0 .08|—0.13 
Thioglucose Gelatin 0.39) 1.36; 1.47) 1.40 
0.22; 0.91 1.31 
Carbobenzoxytriglycine | 0.02} 0.03) 0.04; 0.02 
0.00; 0.00} 0.01/—0.02 
Thioglycolic acid | Gelatin 0.45) 0.76) 0.75 
TABLE III 


Activation of Papain after Oxidation with Iodine 
The increase is measured in ml. of 0.01 N KOH per 0.2 ml. of solution. 


Hydrolysis 
Activator Substrate 
2 hrs 24 hrs. 50 hrs. 
Gelatin 0.02 0.29 | 0.34 (72 hrs.) 
0.05 0.27 | 0.44 
Carbobenzoxytriglycine 0.00 0.03 | 0.06 (72 ‘“ ) 
Hippurylamide 0.01 —0.02 | 0.00 
HCN Gelatin 1.40 | 1.73 (67 “ ) 
0.67 1.26 | 1.35 
” Carbobenzoxytriglycine 0.04 —0.02 | 0.08 (67 “ ) 
” Hippurylamide 0.02 —0.02 | 0.00 
0.12 


In its effect on gelatin and synthetic substrates the phenyl- 
hydrazine-treated papain is comparable to stage (4) mentioned 
above. It differs from stage (4) in that the latter is obtained by 
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ic destroying a polypeptidase of potential activity, whereas it is 
formed by altering an already active polypeptidase. 
It is also possible to differentiate between the proteinase and 
polypeptidase by adding iodine to a HCN-activated papain 
TABLE IV 
as Effect of Phenylhydrazine on HCN-Papain 
The increase is measured in ml. of 0.01 N KOH per 0.2 ml. of solution. 
Ps. 
- tes Hydrolysis 
Substrate 
ncn | 2hrs. | 4.5hrs.| 24hrs. | 48 hrs. 
4 0.018 Gelatin 0.90 1.68) 1.89 
2 0.018 Hippurylamide 0.21 1.06; 1.08 
8 0.018 | 0.0025 | Gelatin 0.52 1.35) 1.56 
3 0.018 | 0.0025 | Hippurylamide 0.00 —0.02; —0.01 
0 0.018 | 0.005 Gelatin 0.75 1.31 1.54 
1 0.018 | 0.005 Hippurylamide 0.00 | —0.03; —0.08 
2 0.018 | 0.005 Carbobenzoxytriglycine | —0.01 —0.08' —0.08 
2 0.018 | 0.025 Gelatin 0.56 1.11 1.34 
0.018 | 0.025 | Hippurylamide 0.03 | —0.02} 001 
0.044 Gelatin 0.95 1.65; 1.83 
0.044 Hippurylamide 0.20 0.94; 0.96 
0.044 | 0.0006 0.04 0.00; —0.04 
0.044 | 0.005 Gelatin 0.57 1.35 1.47 
0.044 | 0.005 Hippurylamide —0.02 0.04; 0.03 


TABLE V 
Iodine Oxidation of HCN-Activated Papain 
The increase is measured in ml. of 0.01 N KOH per 0.2 ml. of solution. 


Reagent. mm per ml. test Hydrolysi 
solution 
HCN Iodine 18 hrs. 48 hrs. 
0.018 0.0005 Gelatin 1.53 1.92 
0.018 0.0005 Hippurylamide —0.02 —0.01 
0.018 0.008 Gelatin 0.03 | 0.10 
0.018 0.008 Hippurylamide 0.04 | 0.00 
solution. With an excessive amount of iodine both the proteinase 


and polypeptidase components are destroyed. However, when 
only a small amount of iodine (0.0005 mm per ml. of test solution) is 
used, then only the polypeptidase component is inhibited (Table V). 
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The essential groups of the polypeptidase are therefore much 
more sensitive toward iodine than those of the proteinase. 

The effect of iodine and hydrogen peroxide indicates that there 
is an easily oxidized group in polypeptidase. The inhibition by 
phenylhydrazine, considered with this, suggests an aldehyde 
carbonyl. The oxidation of aldehyde groups by iodine or hydro- 
gen peroxide is well established in alkaline medium. Whether it 
would occur in our case in slightly acid solution is uncertain. So 
we wish to regard the presence of an aldehyde group merely as a 
working hypothesis until further investigation. 

The new enzyme which splits synthetic substrates has been 
called a polypeptidase, because it requires at least two peptide 
linkages within its substrates (6, 7). The relation of this enzyme 
to the peptone-splitting enzyme of Willstitter and Grassmann is 
now being studied. There is no evidence whether the essential 
groups of the proteinase and polypeptidase are contained in the 
same molecule or whether the two enzymes are two separate 
molecular individuals. This question, too, will be investigated. 


EXPERIMENTAL 
I. General Procedure for Enzyme Test Solutions 


The test solution was prepared so that it contained for each ml. 
40 mg. of water-free gelatin or 0.05 mm of synthetic substrate, 
0.10 ml. of disodium citrate buffer, pH 5.0, and 0.2 ml. of enzyme 
solution, described below. (Carbobenzoxytriglycine was dissolved 
with an equimolecular amount of 1N NH,OH.) 0.2 ml. samples of 
this solution were titrated with 90 per cent alcoholic 0.01 N KOH 
with thymolphthalein. During an experiment the solutions were 
kept at 40°, and a pH of 5 was maintained. 


II. Enzyme Preparations 


Natural Papain—225 mg. of powdered papain were shaken 1 
hour with 15 ml. of water, filtered, 25 ml. of disodium citrate 
buffer, pH 5.0, added, and the solution made to 50 ml. with water. 

HCN-Activated Papain--To a 15 ml. solution from 225 mg. of 
papain were added 25 ml. of citrate buffer and 10 ml. of 1.2 per 
cent HCN; the solution was kept for 2 hours at 40° before use. 

Thioglucose-Activated Papain—-To 10 ml. of the natural papain 
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solution above were added 50 mg. of sodium thioglucose; the 
solution was kept for 2 hours at 40° before use. 

H,S-Activated Papain—To 10 ml. of the natural papain solution 
were added 55 mg. of Na2S-9H:2O; the solution was kept for 2 hours 
at 40° before use. 

H20.-Oxidized Papain—To 300 ml. of solution from 10 gm. of 
papain were added 6.6 ml. of 30 per cent H2O2. After 20 minutes 
at 30° it was cooled, 1400 ml. of alcohol were added, and the 
product centrifuged off and dried over calcium chloride; 4.9 gm. 
were obtained. 

112 mg. of the above oxidized papain were dissolved in 12.5 ml. 
of water and citrate buffer was added to 25 ml. 

H1,0,-Oxidized Papain with HCN—To an 8 ml. solution of 112 
mg. of oxidized papain were added 12 ml. of citrate buffer and 5 
ml. of 1.2 per cent HCN; this was kept for 4 hours at 40° before 
use. 

H20,-Oxidized Papain with Thioglucose—To a 4 ml. solution of 
45 mg. of oxidized papain were added 2.5 ml. of citrate buffer and 
40 mg. of sodium thioglucose; this was made to 10 cc. and stood 1 
hour at 40° before use. 

H2,0.-Oxidized Papain with Thioglycolic Acid—0.005 mm of 
thioglycolic acid per ml. of enzyme test solution was employed. 

Todine-Oxidized Papain—To a 15 ml. solution from 225 mg. of 
papain were added 10 ml. of citrate buffer and 4.2 ml. of 0.05 n 
iodine in aqueous KI. This was made to 50 ml. with citrate 
buffer and allowed to stand 2 hours at room temperature before 
use. 

Todine-Oxidized Papain with HCN—To 20 ml. of the above 
solution were added 5 ml. of 1.2 per cent HCN; this stood 2 hours 
at 40°. Instead of 0.2 ml. of enzyme solution per ml. of test 
solution, 0.25 ml. were used. 


III. Phenylhydrazine Experiments 


HCN-activated papain was prepared as in Section II. 1.2 
per cent HCN was used in the experiments in which the concentra- 
tion of HCN was 0.018 mm per ml. of test solution; 3 per cent 
HCN in those in which the concentration was 0.044 mm. The 
required amount of phenylhydrazine was added to the HCN- 
papain and the solution allowed to stand 1 hour at room tempera- 
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' ture before use. The test solutions were treated in the customary 
manner (Section I). 


IV. Iodine Oxidation of HCN-Activated Papain 


The HCN-activated papain described in Section II was used. 
In the first set of two experiments (0.0005 mm of iodine per ml.), 
0.5 ml. of 0.05 N iodine was added to 5 ml. of cooled HCN-papain 
solution; this was allowed to stand 1 hour at room temperature, 
and then used as is customary for the test solution (Section I). 

In the second set of experiments, 80 ml. of 0.05 N iodine were 
added to 50 ml. of HCN-papain solution, and after an hour used 
in the hydrolysis test. 0.52 ml. of this solution was contained in 
each ml. of test solution. 
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THE LIPID CONTENT OF THE JELLY OF WHARTON 


By ELDON M. BOYD 


(From the Department of Obstetrics and Gynecology, The University of Roches- 
ter School of Medicine and Dentistry, Rochester, New York) 


(Received for publication, July 29, 1935) 


Bloor and his associates have developed in recent years the 
postulate that just as histological appearance of a tissue varies 
with its state of physiological activity so likewise varies the lipid 
composition. When a tissue becomes active for any period of 
time, its phospholipid content increases and usually also its free 
cholesterol. Degeneration, retrogression, or inactivity in tissues 
has been found to be associated with decreasing or low percentages 
of these two lipids and in addition usually increasing or high values 
for cholesterol esters and neutral fat, both of which latter lipids 
are at low levels in active tissue. Boyd (3-5) has shown that this 
relationship also holds true for the white blood cells. As the 
resistance of individuals to infection—a function of the blood 
leucocytes—increased, so was the lipid content varied in the 
direction of the changes just described and vice versa. 

So conclusive and general did the phenomenon appear that 
Boyd has made use of lipid determinations to estimate the degree 
of physiological activity of rabbit ovaries (6) and placentas (8) 
during gestation. The validity of such a method of reasoning 
depends entirely on the correctness of Bloor’s hypothesis. There 
has accumulated abundant evidence that active body tissues have 
a high phospholipid and free cholesterol content. Relatively less 
is known about the lipid composition of the less active body 
tissues. 

For these reasons, one of the least active of all the body tissues, 
the jelly of Wharton from the umbilical cord, was subjected to 
lipid analyses. This tissue surrounds the blood vessels of the 
umbilical cord and is composed of simple nuclei with fine 
fibrils radiating in a practically undifferentiated cytoplasm. It 
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gets its blood supply from the umbilical vessels directly, having 
no special arterial twigs of its own. It has little known function 
apart from furnishing support and protection to the umbilical 
vessels. 

Samples of this embryonic tissue were obtained from strips of 
umbilical cord taken from patients in the delivery rooms of the 
Strong Memorial Hospital immediately after parturition. The 
blood vessels were picked up with a pair of fine forceps and care- 
fully dissected out. The remaining tissue was weighed, cut up, 
and then ground to a fine paste in a mortar with cleaned, decar- 


TABLE I 
Lipid Composition of Jelly of Wharton from Umbilical Cord 
The results are expressed in mg. per 100 gm., moist weight. 


Composition of total lipid Com position of total lipid 
4 Cholesterol 3 Cholesterol 
12/2/48]: 
2 
8 
1 | 116) 68 15 21) 2/19, 9 | 115! 185] 3610 | 38 
2 | 127) 74) 24! 6118 10 | 235] 64| 8 | 32 
3 | 74 28 11 | 100) 125) 36 0 | 37 
4 | 152) 94! 37) 85| 25! 12 | 263 167] 99) 132] 3210 | 34 
5 | 40) 13/24, 13 | 270) 184| 100) 133| 37/0 | 38 
6 | 130! 63) 105| 27; 14 | 330! 219] 177| 471 6 | 41 
7 | 216] 132) 0| 38 
8 | 219) 148) 83) 103] 33) 0| Mean..| 209) 131) 54) 120| 33) 3 | 31 


bonated sand. Dry weight was determined on a separate portion 
but need not be further considered, since the dry weight con- 
stituted uniformly 10 to 13 per cent of the moist weight. The 
lipids were extracted with alcohol-ether and analyzed by Bloor’s 
oxidative micromethods as modified by Boyd (1, 2, 7). 

The results obtained have been presented in Table I. The total 
lipid content of the jelly of Wharton varied between 116 and 330 
mg. per cent, with a mean value of 209 mg. per cent. These 
values are much lower than those found in other tissues of the body 
except in the blood plasma of certain Herbivora, e.g. rabbits and 
guinea pigs. The total lipid was composed, on the average, of 57 
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per cent phospholipid, 26 per cent neutral fat, 15 per cent free 
cholesterol, and 2 per cent cholesterol esters. The actual percent- 
age of all lipids, particularly phospholipid and free cholesterol, was 
much lower than that of any other tissue of the body. 

These results indicate that an inactive, sluggish tissue contains 
very little phospholipid and free cholesterol. Of especial interest 
is the almost uniform absence of cholesterol esters. The presence 
of large amounts of cholesterol esters in a tissue would therefore 
appear to designate it as degenerating or retrogressive rather 
than inactive per se. 


CONCLUSION 


The results may thus be taken as additional evidence in favor of 
Bloor’s hypothesis regarding the relationship between lipid com- 
position and physiological activity. In particular, they show 
that an inactive tissue (jelly of. Wharton) contains very little 
phospholipid and free cholesterol. The additional fact that 
few cholesterol esters were present suggested that large percentages 
of this lipid characterize degenerating rather than inactive tissue. 
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COMBINATION OF THIOL ACIDS WITH METHYLGLYOXAL 


By MAXWELL P. SCHUBERT 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, June 28, 1935) 


Lohmann (1) found that glutathione can act as coenzyme for 
the glyoxalase of tissue extracts and, furthermore, that neither 
cysteine nor thioglycolic acid can replace glutathione in this proc- 
ess. Jowett and Quastel (2) have evidence that glutathione 
combines with methylglyoxal and suggest that the resulting 
compound, under the influence of glyoxalase, breaks to give 
_lactie acid. 

The purpose of the present work is to begin a study of the 
products formed by the interaction of methylglyoxal with thiol 
compounds. Since phenylglyoxal seems to be completely equiva- 
lent to methylglyoxal as regards the action of glyoxalase and since 
the desired products of phenylglyoxal crystallize more readily 
than those of methylglyoxal, much of the present work is devoted 
to the study of the combination of thiol acids with phenylglyoxal. 
All the products described are easily formed in aqueous or alcoholic 
solution at room temperature and most of them after separation 
can be recrystallized easily. 

Two types of compound have been isolated by the interaction 
of methyl- or phenylglyoxal with thiol compounds. The first is 
formed by simple addition of 1 mole of the glyoxal and 1 of the 
thiol compound. The second is formed from the two components 
in the same proportions with elimination of a mole of water. In 
Table I are listed the thiol compounds whose reaction products 
with methyl- or phenylglyoxal have been isolated. The type of 
reaction product, whether simple addition or condensation, is 
also indicated. 

Thiourea, written in its pseudo form, is HS-C(NH2):NH. Thus 
the only two thiol compounds which give condensation products, 
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cysteine and thiourea, possess free amino groups in close proximity 
to the thiol group. Thiosinamine, if written in the pseudo form 
HS-.C(NHC3H;):NH, has no free amino group, and, in fact, it 
behaves as the other thiols giving a simple addition compound. 
A considerable amount of work has been done on the structure of 
these compounds, but, as the data are not yet conclusive, it is 
advisable to wait until this is finished before presenting it. 
Compounds formed by the direct addition of mercaptans and 
aldehydes or ketones have been described before. For example, 
Baumann (3) has made addition compounds of phenyl] mercaptan 
with chloral, pyruvic acid, benzoyl formic acid, and isatin. Fromm 
and Erfurt (4) described a compound of benzaldehyde and benzyl 
mercaptan which is so unstable that it cannot be recrystallized 


TABLE 
Reaction Products of Methyl- and Phenylglyoxal 


Addition Condensation 
CH;COCHO Thioglycolic acid Cysteine 
anilide Thiourea 
Glutathione 
C.H;COCHO Thioglycolic acid Cysteine 
anilide Thiourea 
Cysteine betaine 
Glutathione 
Thiosalicylie acid 
Thiosinamine 


from hot benzene. Schénberg and Schiitz (5) found that phenan- 
thraquinone, chrysoquinone, isatin, and N-acetylisatin combine 
at room temperature with various aliphatic and aromatic mer- 
captans to give addition compounds described as semimercaptols, 
which dissociate readily on warming. 

The compounds described in the present paper are all stable at 
room temperature. The glutathione and cysteine betaine com- 
pounds of phenylglyoxal and the glutathione, cysteine, and 
thioglycolic acid compounds of methylglyoxal are extremely easily 
soluble in water, and, when obtained by precipitation with organic 
solvents, are not definitely crystalline. This group is also quite 
hygroscopic. The other eight compounds are all quite insoluble 
in water and can be repeatedly recrystallized from hot organic 
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solvents such as alcohol or chloroform from which they separate as 
large well formed crystals with sharp melting points. Of these 
water-insoluble compounds, those that are derived from thiol 
acids all dissolve readily in sodium bicarbonate from which they 
can be precipitated again by acidification. Some of these com- 
pounds such as the cysteine phenylglyoxal compound give no 
nitroprusside test when dissolved in bicarbonate. 

In the experimental section there is also described the prepara- 
tion of cysteine betaine. Both this compound and cystine betaine 
give beautifully crystalline flavianates which are rather insoluble 
in water. 3 


EXPERIMENTAL 


Methylglyoxal was prepared by the oxidation of acetone with 
SeO, (6, 7) and was kept in 5 m stock solution in both water and 
absolute alcohol. Phenylghyoxal was prepared from acetophenone 
by a method described by Kréhnke (8). Since this work was 
done, a simpler method has appeared (9). Phenylglyoxal was 
crystallized as the hydrate and kept as such. 

If 20 ec. of 0.5 M aqueous methylglyoxal and 0.7 cc. of thiogly- 
colic acid be mixed and allowed to stand several hours, the odor of 
thioglycolic acid disappears. From this mixture the product 
could not be isolated in crystalline form and it may be that the 
addition compound is really a liquid at room temperature. A 
crystalline mercury salt is, however, easily obtained. To the 
above mixture after standing 6 or 8 hours, 20 cc. of water are added 
and about 30 cc. of saturated HgCl.. A white crystalline precipi- 
tate forms which would dissolve on further addition of HgCle. 
After a day it is heated to dissolve the precipitate and the solution 
is filtered and cooled. The crystalline product appears as flat 
hexagons. It is filtered off, washed with much water, and dried 
in vacuo over H2SO,. It decomposes at about 220°. 


(CsH,0,8)2Hg. Calculated, S 12.16; found, S 12.05 


To a suspension of 4 gm. of thioglycolic acid anilide in 20 cc. of 
water are added 5 cc. of 5 M aqueous methylglyoxal. The anilide 
dissolves slowly and a new crystalline precipitate appears imme- 
diately. After standing 3 hours with occasional shaking, the 
product is filtered off. It may be recrystallized by dissolving in 
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15 cc. of hot alcohol, cooling, and slowly adding about 10 cc. of 
water. A liquid precipitate first appears which soon crystallizes 
in long needles. After crystallizing again from 30 cc. of cold 
alcohol by addition of 100 cc. of water and drying, the product 
shows a melting point of 70°. 


CiiH:03NS. Calculated, S 13.38, N 5.86; found, S 13.49, N 6.09 


To 2 gm. of glutathione in 10 cc. of water there are added either 
2.5 cc. of 5 M aqueous methylglyoxal or 1.2 gm. of phenylglyoxal. 
The phenylglyoxal slowly dissolves. If necessary the solution is 
filtered and after standing a few hours the solution volume is 
reduced to about 8 cc. by evaporation in a vacuum desiccator. It 
is then poured into about 300 cc. of absolute alcohol. In each 
case a white precipitate appears which rapidly becomes sandy on 
standing. This is filtered off and washed with absolute alcohol. 
It may be dissolved in a small volume of water and reprecipitated 
in the same way. It is quickly set 2n vacuo over H2SO, and after 
being dried thoroughly it can be exposed to the air without 
becoming gummy. 


CisH2OsN38S. Calculated, S 8.44, N 11.08; found, S 8.51, N 11.03 


If cysteine hydrochloride is added to an aqueous or alcoholic 
solution of methylglyoxal, the solution gradually turns brown, 
becoming very dark in about 6 hours. Addition of potassium 
acetate hastens this process, while addition of acid retards it. 
That oxygen from the air is not involved in this change is clear 
from the fact that the same mixture made up under nitrogen 
becomes brown at the same rate. A mixture of 2.4 gm. of cysteine 
hydrochloride, 10 cc. of absolute alcohol, and 3 cc. of 5 M methyl- 
glyoxal in absolute alcohol is allowed to stand overnight. The 
brown solution is filtered from any amorphous material and excess 
cysteine, and to the filtrate several volumes of acetone are added. 
An amorphous precipitate forms. No way has been found of 
crystallizing this brownish product. It is filtered off and dried. 
On exposure to air it takes up moisture and becomes gummy. 


CsH,OsNS. Calculated, S 18.28, N 8.00; found, S 17.34, N 7.77 


An attempt to get a purer product by allowing an aqueous solu- 
tion of methylglyoxal and cysteine hydrochloride to stand under 
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hydrogen overnight, then precipitating an amorphous mercury 
salt from a large volume of the aqueous solution, filtering this off, 
and removing the mercury by H.S, evaporating the resulting solu- 
tion to dryness, extracting the residue with a small volume of 
acetone, precipitating with ethyl acetate, dissolving the precipi- 
tate in absolute alcohol, and finally precipitating with acetone still 
gave an amorphous, brownish, hygroscopic product. Its analysis 
was, however, better. Found, 8 18.29, N 8.06. 

A solution of 2.5 gm. of thiourea in 5 cc. of water and 5 cc. of 5m 
aqueous methylglyoxal is set on ice. After a day a slight amount 
of a reddish precipitate has formed. This is filtered off and the 
solution again set on ice for 2 days. Occasional scratching hastens 
the crystallization. The product may be recrystallized from a 
_ small volume of water. M.p. 159°. 


C,H-ON2S. Calculated, S 24.60, N 21.52; found, S 24.59, N 20.91 


To a suspension of 15 gm. of phenylglyoxal hydrate in 100 ce. of 
water are added 10 cc. of thioglycolic acid, and the mixture is 
stirred. ‘The phenylglyoxal dissolves in about 15 minutes and a 
new crystalline deposit slowly forms. It is set on ice for 2 days; 
then the crystalline deposit is filtered off. This may be dried and 
recrystallized from hot CHCl. After standing several days, the 
crystals are filtered off and dried in vacuo. M. p. 118°. 


C10H100.8. Calculated, S 14.16; found, S 14.20 


The thiosinamine compound is prepared similarly from 2 gm. of 
thiosinamine and 2 gm. of phenylglyoxal hydrate in 25 cc. of water. 
The product may be dissolved in 30 cc. of alcohol and precipitated 
with water or it may be dissolved in 500 cc. of 25 per cent hot 
alcohol from which it crystallizes on cooling. After drying it 
shows a melting point of 108°. 


C12H1,O2N38. Calculated, S 12.80, N 11.20; found, S 13.23, N 10.94 


In 60 cc. of alcohol are mixed 3.4 gm. of thioglycolic acid anilide 
and 2.6 gm. of phenylglyoxal hydrate. The anilide dissolves 
slowly and a new crop of crystals appears. Set on ice for 2 hours. 
The product is recrystallized twice from 150 cc. of hot alcohol. 
M. p. 149°. 


CisH;,0;NS. Calculated, S 10.63, N 4.65; found, S 10.35, N 4.79 
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The thiosalicylic acid compound is made as is the preceding 
from an equimolecular mixture of the components. It is recrystal- 
lized from alcohol. M. p. 142°. 


CisH.0.8. Calctlated, S 11.11; found, S 10.81 


A solution of 10 gm. of cysteine hydrochloride in 100 cc. of water 
is stirred with 7.5 gm. of phenylglyoxal hydrate until the latter 
dissolves. After being set on ice for 2 days, the crystalline pre- 
cipitate is filtered off, washed with water, sucked dry, and recrystal- 
lized from 100 cc. of hot alcohol. M. p. 141°. 


CyHyO,NS. Calculated, S 13.49, N 5.91; found, S 13.55, N 5.93 


The thiourea compound is made exactly as the cysteine com- 
pound just described, 7.5 gm. of thiourea being used instead of the 
cysteine hydrochloride. The product melts at 222°. 


CoH;ONS. Calculated, S 16.66, N 14.58; found, S 16.26, N 14.44 


A solution of 2.7 gm. of phenylglyoxal hydrate in 20 cc. of abso- 
lute alcohol is stirred up with 3 gm. of cysteine betaine. The 
betaine dissolves in about an hour and the mixture is allowed to 
stand overnight. It is then a perfectly clear solution and is poured 
into 2.5 liters of ethyl acetate. A white precipitate forms which 
under the microscope looks pebbly but not crystalline. The prod- 
uct after standing a day, during which it becomes more granular, 
is filtered off, washed with ethyl acetate, and quickly set 7n vacuo 
over H2SQ, as it tends to become gummy in moist air. 


Cyu4His0,.NS. Calculated, S 10.77, N 4.71; found, S 9.52, N 4.32 


The preparation of cystine betaine offers no difficulties, provided 
a pure cystine be used and the temperature be kept low during 
methylation. A flask containing 26 gm. of cystine in 200 cc. of 
water is immersed in ice water and a mechanical stirrer is inserted. 
Two dropping funnels are set up, one with 110 ce. of 6.5 m KOH 
solution and the other with 67 cc. of freshly distilled dimethyl 
sulfate. Enough KOH solution is run in to dissolve the cystine; 
then the dimethyl sulfate and the KOH solution are dropped in 
simultaneously with the stirrer operating. The addition should 
last 20 to 30 minutes. After standing another 20 minutes at 
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room temperature 15 cc. of glacial acetic acid are added and the 
clear solution is evaporated in vacuo to small volume. A heavy 
crystalline precipitate separates. Add 500 cc. of alcohol and filter 
from the precipitate of potassium methyl sulfate. To the filtrate 
add 2.5 liters of acetone and let stand a day. The crystalline 
product is filtered off and dissolved in about 100 cc. of water and 
reprecipitated with 500 cc. of acetone. After drying in vacuo 
over H2SQO, about 15 gm. are obtained. 


Calculated. 18.71, N 8.19, C 42.10, H 7.66 
Found. “18.80, 8.22, 41.02, 7.58 


Cystine betaine can be reduced by the usual method for the 
reduction of cystine, in 4M HCl with tin. After removing the tin 
with H.S, the solution is evaporated in vacuo to small volume and 
the product precipitated with acetone as with cystine betaine. 


C.H1;302NS-2H,0. Calculated, S 16.08, N 7.04; found, S 16.38, N 6.98 


Both cystine betaine and cysteine betaine are easily soluble in 
water and both give crystalline, insoluble Ag salts. The latter 
gives intensely colored brown complexes with cobalt salts in alka- 
line solutions, Just as cysteine does. Both give quite insoluble 
salts with flavianic acid. 1 gm. of either betaine in 25 cc. of water 
is mixed with a solution of 2 gm. of flavianic acid in 50 cc. of water 
and the mixture is set on ice overnight. The yellow crystalline 
precipitate is filtered off and recrystallized from hot alcohol, about 
200 cc. being used for the cystine compound, while only 50 cc. are 
needed for the more soluble cysteine compound. The cystine 
betaine flavianate melts at 230° and the cysteine compound melts 
at 210°. 


2S2) Calculated. 13.44, N 8.82 
Found. 13.17, 8.38 


For the corresponding cysteine compound, (CsH,;0.NS) -- 
(CioHeOsN2S) 


Calculated, S 13.41, N 8.80; found, S 13 30, N 8.69 


SUMMARY 


It has been shown by the direct method of isolation that both 
methyl- and phenylglyoxal combine with thiol acids. The prod- 
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ucts consist of 1 mole of the glyoxal and 1 of the thiol acid. Two 
types of product are described, the first formed by simple addition, 
the second by simple addition with elimination of a mole of water. 
The second type of compound seems to be formed by those thiols 
which possess a nearby amino group such as cysteine. 

The preparation of cystine betaine and cysteine betaine is 
described. 
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LEAF STARCH: ITS ISOLATION AND SOME OF ITS 
PROPERTIES 


By H. A. SPOEHR ann HAROLD W. MILNER 


(From the Carnegie Institution of Washington, Division of Plant Biology, 
Stanford University, California) 


(Received for publication, July 30, 1935) 


Our knowledge of starch has been gained largely from a study of 
the properties and composition of this substance as found in the 
storage organs of plants, such as seeds, tubers, and roots. Although 
its presence in leaves as a product of photosynthesis, that is autoch- 
thonic starch, has been known for a long time, and its formation, 
dissolution, and some of its properties in situ have been studied 
with great care by means of the microscope, little is known con- 
cerning the chemical properties of starch of this origin. The 
presence (or absence) of starch in leaves has usually been recog- 
nized by means of the iodine test, and some endeavors have been 
made for its quantitative estimation on the basis of hydrolysis by 
means of amylase preparations or of acid, though these methods 
are usually subject to serious error. In the leaves of many species, 
on illumination, starch appears with extraordinary rapidity, but 
we still have little definite information concerning the first sugar 
which is formed in photosynthesis and from which presumably 
this starch is formed. There is usually a variety of sugars present 
in the leaf; in only relatively few cases have these been carefully 
investigated as to their structure. It has been difficult to account 
for the presence in plants of sugars, such as the pentoses, rham- 
nose, l-galactose, whether they are direct products of photosynthe- 
sis or are produced in subsequent metabolic reactions in the plant 
cells. In leaves the starch is present chiefly in the chloroplasts, 
and its normal appearance has therefore been associated with the 
photosynthetic activity of these organs. The starch granules of 
the chloroplasts do not have the characteristic structure of or- 
dinary starch grains. The isolation of starch from the chloro- 
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plasts makes possible the determination as to whether this has the 
same composition as starch from storage organs and whether 
leaves of widely differing species and of varying habit of growth 
exhibit differences in the composition of the autochthonic 
starch. Experiments are also in process to determine whether the 
starch which is formed in leaves when these are fed different sugars 
is always of the same or of varying composition. 


Method of Isolating Starch from Leaves 


In order to obtain starch from leaf material in as large quantity 
and in as pure form as possible, special precautions must be taken 
in handling the leaf material. Although many species of leaves, 
after a period of illumination, contain relatively large quantities 
of starch (as high as 40 per cent of the dry weight), under certain 
conditions, this undergoes dissolution with surprising rapidity. 
It is now well established that in many leaves the starch content 
rapidly decreases with loss of water from the leaves, so that in the 
wilted condition they contain very little or no starch, although 
the precise causes of this phenomenon have not been clearly deter- 
mined (1-3). We have found that this depletion of the starch in 
leaves does not occur if the leaves have been frozen or treated with 
chloroform. This is in agreement with an older observation by 
Brown and Morris (4) that chloroforming leaves inhibits the 
dissolution of contained starch. Moreover, treating the leaves 
with the vapors of chloroform greatly accelerates the rate of dry- 
ing, although it also causes some leaves to turn brown, as was found 
by Irving (5) and by Thoday (6). 

The leaves were collected after they had been exposed to bright 
light on a warm day. Exposed to the vapors of chloroform, the 
leaves rapidly became flaccid, and after an exposure of about 0.5 
hour, they were dried in a stream of air at about 50°. For com- 
plete drying this required from 2 to 24 hours, depending upon the 
thickness and nature of the leaf. The dry leaf material was then 
ground for a short time and sifted through a 60-mesh sieve. In 
this way the stem and fibers are separated from the more fragile 
material of the mesophyll, which contains most of the starch and 
constitutes about 30 to 50 per cent of the leaf material by weight. 
This material was then ground fine in a large pebble mill for 3 
hours. This facilitates the extraction of the leaf pigments, for 
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apparently some of the pigments are closely associated with the 
starch granules, and the leaf material can be completely freed from 
the pigments only after thorough grinding. It is also probable 
that solution of starch in a subsequent step in the process of extrac- 
tion proceeds more easily if the material is finely ground (7). 

The leaf material was then repeatedly extracted by shaking with 
ethanol at room temperature for 5to 15 hours. The last portions 
of chlorophyll were removed only slowly, and to accomplish this 
it was found advantageous to use ethanol and petroleum ether 
alternately in the last three or four extractions. It is interesting 
that microscopic tests for starch with the usual iodine method in a 
number of cases yielded negative results before the material had 
been extracted with petroleum ether but after such extraction gave 
a strong and rapid positive test. There is apparently some 
substance in these leaves which prevents the blue coloration of 
starch with iodine (unless large amounts of iodine are used) and 
which is removed by extraction with petroleum ether. 

The leaf powder was then extracted with water at room tempera- 
ture by shaking the leaf material with 10 times its weight of water 
for $ hour and separating the remaining solid material by means 
of the centrifuge. This was repeated until the wash water was 
almost colorless. With leaf material which contained large 
amounts of mucilaginous substances, it was found necessary to 
extract in this manner six to eight times, and in such cases it was 
advantageous to use larger amounts of water. The removal of 
substances which are soluble in cold water, such as gums and 
salts, particularly those of calcium, facilitates the isolation of 
starch in a later step in this process and also reduces the impurities 
in the final product. The cold water extracts contained no starch 
or only very small amounts. 

The starch was now extracted from the leaf material with hot 
water. Water, equivalent to 10 times the weight of the dry leaf 
powder after extraction with the organic solvents, was added to 
the residue from the cold water extraction and the mixture heated 
in a boiling water bath for 1 hour, followed by heating for 1 hour at 
120°. After cooling, the solid material was separated by means 
of the centrifuge, and the solution was filtered through extra soft 
filter paper supported by a sheet of silk on a Buchner funnel. 
With leaf material containing a large amount of starch, it was 
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found advantageous to make a second extraction or to use a 
larger amount of water. 

When a solution of starch is subjected to low temperature for 
some time and is then allowed to thaw, it is found that the starch 
has been precipitated in a fibrous mass (8-11). In this process, 
known as retrogradation, we have found that the starch can be 
completely precipitated from solution if proper precautions are 
observed. In our earlier experiments very low temperatures, 
— 185° and —80°, were used for the freezing of the starch solu- 
tions, but later experience showed that the precipitation of most 
of the starch could be achieved by keeping the solutions at —8° for 
3 or 4 days. By the use of lower temperatures the starch is pre- 
cipitated from solution in a denser mass than at —8° to —10°. 
Thus, experiments with a 0.5 per cent potato starch solution, kept 
for 3 days at —80°, showed that the starch is precipitated com- 
pletely, the filtrate giving no color with iodine and, after hydrol- 
ysis with 1 per cent hydrochloric acid, yielding no reducing sugars. 

In a solution containing 5.063 mg. of potato tuber starch per 
ec., there remained 0.526 mg. of starch per cc. after the solution 
had been frozen for 4 days at —8°. In an identical experiment 
with 3.592 mg. of corn-starch per cc., 0.177 mg. remained in solu- 
tion. The determinations of starch were made by the method 
described later in this paper. The results demonstrate that, by 
freezing, about 90 per cent of the potato starch and 95 per cent of 
the corn-starch had separated from solution. In actual practice 
75 to 85 per cent of the starch originally in solution was recovered 
in this manner in one freezing. It may be that the two amylose 
constituents are not precipitated in exactly the same proportion in 
which they exist in the original starch and this would, of course, 
affect the composition of the resulting product in this respect. 

The starch which was extracted from the leaf material and was 
precipitated by freezing was separated from the remaining solution 
by means of the centrifuge and was then filtered on silk. The 
preparations obtained in this manner were dried in vacuo over 
calcium chloride and ground as finely as possible in a steel mortar. 
They were then dried in vacuo over phosphorus pentoxide to con- 
stant weight. 

The starch, which was precipitated from solution by freezing 
redissolved very readily when the solution was heated to 100°. 
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When, however, the separated starch was thoroughly dried, it was 
more difficultly soluble, and even after heating to 120° with water, 
there remained from 3 to 18 per cent undissolved, although this 
was hydrolyzed with 1 per cent hydrochloric acid. In addition 
to this there was always present in the leaf starches a small and 
variable amount of insoluble material other than starch. This 
material remained insoluble after hydrolysis with hydrochloric 
acid; in the starch preparations from Stellaria and Hedera it 
amounted to about 5 per cent; in the others it was much less. In 
some cases it was largely silica, probably in part at least from the 
pebble mill. 

The yields of starch from different leaves, in per cent of the dry 
leaf material after extraction with ethanol and petroleum ether, 
are as follows: Nicotiana tabacum, 37.73; Phaseolus coccineus, 
13.39; Linum usitatissimum, 2.26; Hedera helix (old leaves), 2.23, 
(young leaves), 1.49; Stellaria media, 2.23; Echinocystis fabacea, 
2.65; Malva parviflora, 0.89. It should be pointed out that this 
method in its present form does not give a quantitative value of 
the amount of starch in leaves but is of use primarily for prepara- 
tive purposes. 


Examination of Chloroplast Starches 


The examination of the starch preparations from different 
leaves included the following. 

Ash—This was determined by incineration of 0.1 gm. samples. 

Nitrogen—This was determined by Pregl’s micro-Dumas 
method; the result obtained may vary by +0.05 per cent. 

Reducing Power—Quantitative determinations of the amounts 
of starch in solution were made on the basis of the reducing power 
of such solutions after hydrolysis with acid. This was done by 
use of Benedict’s solution and the centrifuge method of Spoehr 
(12). A carefully prepared sample of potato starch was used as a 
standard. Special experiments with both corn- and _ potato 
starch showed that the maximum quantity of reducing sugar is 
present after 2.5 to 3 hours hydrolysis at 100° in the presence of 1 
per cent hydrochloric acid when the starch concentration is of the 
order of 0.1 per cent. With 0.5 per cent starch solutions, 3.5 
hours under the same conditions are required for complete hydrol- 
ysis. It was found that the starch content of a solution can be 
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determined with an accuracy of +1 per cent by this method. In 
the analysis of the starches obtained from different leaves, the 
reducing power, after hydrolysis, is reported in terms of per cent 
of the maximum reducing power of hydrolyzed potato starch. It 
was found experimentally that 1 gm. of “standard’’ starch hydro- 
lyzed under these conditions had a reducing power equivalent to 
1.053 gm. of pure glucose. This factor of 1.053 was used to con- 
vert the starch content to glucose content in the case of the hydro- 
lyzed solutions obtained from the leaf starches. This value of the 
glucose content was used in calculating the specific rotation of the 
hydrolyzed solutions. The leaf starch preparations on hydrolysis 
yielded colorless or only slightly colored solutions. 

Optical Rotation—In order to gain information concerning the 
nature of the sugars produced by hydrolysis of the chloroplast 
starch, the optical rotation of the hydrolyzed solutions was deter- 
mined. From these determinations the specific rotation was cal- 
culated on the basis of the factor for the quantitative conversion of 
starch into glucose, as indicated above. 

The optical rotation of the leaf starch solutions which had been 
prepared at 120° was determined after they had been centrifuged 
to remove insoluble material. The starch content of these solu- 
tions was determined on the basis of their reducing power after 
hydrolysis with acid, as described. The concentration of these 
solutions was of the order of 0.5 per cent. The optical rotation of 
starch solutions is, however, not a very satisfactory property for 
identification, so that these values cannot receive much weight. 

The results of the analysis of the starches obtained from a 
variety of leaf sources are givenin Table I. The specific rotations 
of the hydrolyzed leaf starches indicate that d-glucose is the chief 
product. This is also substantiated by the fact that the phenyl- 
osazones prepared from the hydrolyzed solutions of the various 
leaf starches all melted at 207-209°, and micro-Dumas nitrogen 
analyses agreed with the value calculated for phenylglucosazone. 

Bearing on the point that the leaf starches which had been 
separated from solution by freezing all showed a lower relative 
reducing power as compared with potato and corn-starch is the 
fact that the process of retrogradation produces a product with an 
apparently lower relative reducing power. This is due to the fact 
that retrograded starch is more slowly hydrolyzed than starch 
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which has not been so treated (Table II). Solutions of retro- 
graded starch showed maximum reducing power after 4.5 to 5 
hours hydrolysis with 1 per cent hydrochloric acid, as compared 
with 3 hours for the “‘standard” potato starch. The longer time 
required for hydrolysis of retrograded starches probably also 
accounts for the fact that the relative reducing power of the leaf 
starches was never so high as that of the potato starch, for the 


TABLE I 
Analysis of Starches from Various Leaf Sources 


Source of starch As Nitrogen drol- hydrol- 
ysis ysis 

ee per cent per cent per cent degrees degrees 

Potato (tuber) 0.252 0.00 | 100.00 | +194 6) +53 .9 

Corn (seed) 0 .077 0.00 99.59 | +1900) +51.8 

Nicotiana tabacum 0.124 0.08 96.48 | +201.3) +51.4 

Phaseolus coccineus 5 482 0.34 87.95 | +191.2) +50.6 
93 .05* 

Linum usitalissimum 1 550 0.22 93.80 | +170 2} +52 4 
94 55* 

Hedera heliz (old leaves) 1069 | 0.12 88.88 | +198.8| +52 2 
89 84* 

(young leaves) | 0.813 0.15 88.41 | +188.5) +51.2 
89. 13* 

Stellaria media 0.947 0.23 89 65 | +237.5) +52.3 
90 51* 

Echinocystis fabacea 5.727 | 0.40 87.58 | +199 0) +52 5 
92 90* 

Malva parviflora 0.748 0.19 92 64 | +185 3) +52 6 
93 .34* 


* Corrected for ash by subtraction of the weight of the ash from the 
weight of the original starch sample. 


continued action of the acid on the glucose formed in hydrolysis 
also results in the destruction of this to an appreciable extent. 
That the lower reducing power of retrograded starch is not due toa 
fractional separation of the original starch into portions of higher 
and lower reducing power in the process of retrogradation is shown 
by the results given in Table II, third column. These values 
represent the reducing power of a solution of “standard”’ potato 
starch which had been frozen for 4 days, thawed, the starch redis- 
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solved, that is, without any separation of the starch from the 
liquid of the original solution, and the reducing power determined 
of this redissolved starch. ‘This solution also showed maximum 
reducing power after hydrolysis of 4.5 to 5 hours, as was the case 
with the leaf starches which had been obtained by retrogradation. 


TABLE II 
Per Cent Hydrolysis of Starch of Different Origins and Methods of Preparation 
Kind of starch 
Time of Retrograded potato Tobacco leaf 
hydrolysis =| “Standard” 
potato Not separated| Dried | Frozenand | Pptd. b 
hrs. 
2.0 96 .49 93 .81 90 .93 
2.5 98 .97 95 .26 92.16 92.78 
3.0 100 .00 95.05 95 .67 94.02 94 43 
3.5 99.38 95.88 94.85 90.93 
4.0 96 .49 95 .46 90 .93 
4.5 98.14 97 .94 97 .32 95.88 92 37 
5.0 97 .32 98 .35 97 .32 96 .29 92.78 
5.5 97 .32 97.11 96 .70 95.46 93.61 
6.0 95.88 96 . 29 
TaBLe III 


Comparative Analyses of Tobacco Leaf Starch Prepared by Freezing Method 
and by Precipitation with Ethanol 


at 
Nitro- » 

Source of starch gen Ash CO: 
he hy- 

drolysis 

per cent|per cent|per cent| degrees degrees 

“Standard’’ potato................. <0.07| 0.252) 0.26 | +194.6) +51.6 
Tobacco leaf pptd. with ethanol....| 0.20) 0.345) 0.57 | +196.0) +49 3 
freesing..... 0.12] 0.219] 0.38 | +197.5| +48.9 


The relative reducing power of the starch obtained from the differ- 
ent leaves is, therefore, not very much below that of the pure 
potato starch which had undergone retrogradation. 

Leaves contain considerable, though varying, amounts of 
polyuronides, such as gums and pectic substances. The purpose 
of the cold water extraction of the leaf material was to free it as 
much as possible from these substances in order to avoid contami- 
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nation of the starch extracted with hot water. The material 
extracted with cold water, when hydrolyzed by the method here 
employed, had a relatively low reducing power. Thus, for exam- 
ple, the gum obtained from the cold water extract of tobacco leaves 
did not reduce Benedict’s solution nor give a blue color with 
iodine; but after hydrolysis it had a reducing power about 50 per 
cent that of hydrolyzed starch. That the leaf starches obtained 
by the method here described contained only traces of polyuronides 
is shown by the amount of carbon dioxide produced from them on 
treatment with 12 per cent hydrochloric acid by the method of 
Lefevre and Tollens (13) (Table III). 

For comparison, an analysis is given of the starch obtained from 
leaves by precipitation with alcohol. The tobacco leaf material 
was treated in the manner already described. The hot water 
extract was divided into two portions; from one of these the 
starch was precipitated by freezing; from the other, by addition of 
ethanol, the final concentration of the latter being 50 per cent. 
The method of precipitation by ethanol produced a starch with 
higher content of ash, nitrogen, and polyuronides. The tobacco 
leaf starch prepared in this manner had a lower reducing power 
than the starch prepared by freezing and exhibited maximum 
reduction after hydrolysis for 3 hours (Table II). The second rise 
in the reducing power, after longer hydrolysis of the precipitated 
starch, may be ascribed to the hydrolysis of the contaminating 
substances which were precipitated with the starch. 
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Comparatively little work has been done on the chemistry of 
gallstones. While investigators such as Peel (1), and Pickens, 
Spanner, and Bauman (2) have carefully studied the composition 
of human gallstones, quantitative studies have been almost en- 
tirely limited to the most obvious constituents. 

In the present investigation we have not only repeated some of 
the work done by the above writers but by making use of modern 
microchemical methods we feel that we have been able to make a 
more thorough search for elements occurring in minute quantities 
than has been made before, and we have determined quantita- 
tively in human biliary calculi elements not heretofore measured. 

Naunyn (3) has classified human gallstones as follows: (1) pure 
cholesterol stones; (2) laminated cholesterol stones; (3) ordinary 
gallbladder stones; (4) mixed bilirubin stones; (5) rare forms. 
Other writers have made use of this classification or have sug- 
gested other, though somewhat similar, groupings. All of these 
classifications, however, are based either on physical tests or on 
more or less indefinite qualitative chemical analyses. Such a 
method of procedure was necessarily resorted to because of the 
lack of quantitative chemical information upon which to base a 
more scientific classification. 

There is no doubt that pure cholesterol stones are in a class to 
themselves, but it can be questioned whether sufficient distinction 
exists in the next three types to warrant placing them in separate 
groups. Cholesterol-pigment-calcium stones always occur in 
groups, but cholesterol-pigment stones may occur singly or in 
groups of two or more. It was with the hope of obtaining infor- 
mation that might aid in the proper classification of these two 
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types of stones, and also with the intent of being able to add to 
the meager chemical knowledge now available on the subject, that 
the present work was undertaken. With this double objective 
in view a large number of human biliary calculi of these two 
varieties were analyzed. 

It has been assumed that all the stones from a single gallbladder 
are essentially the same chemically, but there is, however, no 
definite knowledge on record upon which to base this assumption. 
Hence it was thought worth while to collect data on this question. 
All the stones from two gallbladders were, therefore, analyzed 
separately. One contained eight stones and the other twenty- 
five. 


Procedure 


If the stones were large enough, each one was divided into three 
parts: an outside part, a middle part, and a center. This was 
done by scraping the stones with a small knife. Such divisions 
could not always be made with great accuracy, but with most 
stones a fair separation could be made. The separate parts were 
pulverized and dried to constant weight in an electric oven. A 
weighed quantity of the dried powder was put into a filter tube 
of Jena glass with a fused-in sintered filter disk and extracted first 
with ether, next with chloroform, and then with 20 per cent 
hydrochloric acid. 

The ether and chloroform extracts were collected separately 
and kept for analysis. The acid extracts were separately made 
up to volume and aliquot parts used in testing for calcium, iron, 
phosphorus, manganese, copper, and lead. All of these elements 
except copper and lead were determined quantitatively when 
present in sufficient quantities. Sulfates, nitrogen, and chlorides 
were found when tested for and sulfur was occasionally noticed 
after evaporation of the acid extract and oxidation with nitric 
acid. Carbonates were considered present when a gas was 
evolved on the addition of an acid. In some instances the gas 
was found by test to be carbon dioxide, but probably hydrogen 
sulfide was evolved also in some cases, though in quantities too 
small to be detected. We are keeping a large number of calculi 
and broken parts of stones for use in testing for elements that have 
not been found, but which may be present in quantities too small 
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to be detected in a single stone. When there was sufficient ma- 
terial, some of the dried powder was ashed and tests were made on 
the ash. 

All calculations are made on the basis of per cent of the dry 
powder. The difference in weight of the powder before and after 
drying in the electric oven is referred to as volatile matter. Plus 
and minus signs indicate the presence or absence of an element. 


DISCUSSION 


A sharp separation of cholesterol and pigment could not be 
accomplished by extraction with ether. Neither was it possible 
to remove all the pigment with chloroform nor all the phosphorus 
with 20 per cent hydrochloric acid. The residue always contained 
small quantities of phosphorus and of nitrogen. In some stones 
after extraction with ether and chloroform it was found possible 
to remove more than 90 per cent of the acid-soluble material with 
water alone. 

The specific gravity of some of the stones was determined as 
follows: The stones were covered with a very thin layer of col- 
lodion and placed in a mixture of benzene and chloroform, the 
quantities of which were so adjusted that a stone would remain 
suspended in the mixture. Then the specific gravity of the mix- 
ture was taken. Not much importance can be attached to the 
specific gravity of large stones because many of them have cavities 
in them, and others are more or less porous. There appears to 
be some relationship, however, between the specific gravity and 
the per cent of ether-extractable material in small stones. This 
relationship is strikingly evident in the twenty-five stones from a 
single gallbladder (Table I). The first stone in the list is the 
only one which shows a low specific gravity and also a low per 
cent of ether-extractable material. In all other stones, as might 
be expected, a low specific gravity is accompanied by a high per 
cent of ether extract. 

In some cholesterol-pigment stones there is a decided regularity 
in the way in which the various constituents are deposited as 
indicated by Stone 15 of Table II. Here the per cent of ether- 
extractable material decreased progressively from the center out- 
ward, while the per cents of chloroform extract, acid extract, 
residue, and of ash decreased progressively in the reverse order. 
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It has been found that the constituents of a stone may vary 
uniformly from the outside toward the center or vice versa, but 
the progression is as likely to be in one direction as in the other. 


The findings on Stone 13 indicate that some of the constituents 


TABLE I 
Stones from One Gallbladder 


| Stone No 
Weight 
Specific 
Chloroform 
extract 
V 
Ca 
F 
P 
Mn 
Pb 
Cu 
CO: 


3 
3 Acid extract 


cent cent 


per 
cent 
0 219/0.801/93.827/0 505/4 433 
0155/2 951 | 
0 01710 034 
0 025'2.539|1 
282/0 852 
1282/0 970/96 44910 0251088410 054.0 259 
1035/0 976/96 24410. 012.0 022 
1.09410 980/95. 816 (0 .352'2. 97110 860 2. 468/1 .086 (0.0110 .037 
1.2230 983/96 .17910 030\2 .656'1 .134'1 45010 83610 03010. 192 
. 133/0 985/96 .008/0 .054!2.141/1.793'1 .360'0.906 0 .06210.175 
1112/0 989/95 .814'0 .099'3 056|1.029 1 .472/0.7510.035 0.198 
0.82910. 990/95 .035 0.073 3. 964 0.9260.510 1 .160 0.034 0.241 
0227/1 010/94 .079!1 .083/4 549 0.28810 .205 0.0710 361 
1012/94. 1780.77733.753 1.294'0.360 0.071 0.245 
1.15410 .465 0.0700 304 
1.015/93.27910 .487/4 2861146110 .673 0 .082'0 320 
1016/94. 151/0.418/4 55710 83510 .231 0.036 0.216 
1.020/92.500/0.785'5. 143/1.571/0.846 0.100 0.469 
1 020/94 .330/0 5493 .932/1.188'0.716 0.094 0.251 
1 022/93 57610 230'5 3140 .87211.470 0.0220 092 
1 022/93 .643/0.190/4 24011 620 0016/0 088 
1 025/93 .238/0 580/5. 28010 .890/2 620 0.0180. 128 
1 025/93 .533/0 808/4 93110. 72710. 156 0.05810 404 
1 .026/92.622/0. 150/4.1872.540/2.180 
2510 .275|1 028/94 4100 54014 92810 .952'2 018 
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of a faceted stone may show regularity in the way they are de- 
posited, while the other constituents of the same stone will show 
no such regular arrangement. Most stones show no regularity 
in the way the constituents are laid down. Cholesterol-pigment 
stones, however, appear to be more consistent in this respect than 
do faceted stones. 
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Stone 8 appears to be of special interest because the middle part 
contained 30 per cent acid-extractable material, largely calcium 
carbonate, whereas the outside and center contained only slightly 
more than the usual occurrence of that substance. 


TABLE III 
Analyses of Whole Stones 


5 6 7 10 11 12 14 
Choles- Choles- 

Type of stone............. Faceted | Faceted Faceted | Faceted Faceted’ Faceted 
ment men 

per cent| per cent| per cent| per cent| per cent| per cent|per cent| per cent 

Ether extract....... 97.51 95.16 (98.89 (98.30 93.99 94.24 |94.07 |92.97 

Chloroform extract .! 0.63 | 1.05 | 0.17 | 0.89 | 0.35 | 0.75 | 0.35 | 2.05 

Water extract...... 0.89 | 2.84 | 1.97 

Acid i NS 1.27 | 3.22 | 0.33 | 0.67 | 3.01 | 2.23 | 1.90 | 3.57 

Residue............ 0.58 | 0.51 | 0.61 | 0.33 | 2.08 | 0.29 | 0.73 | 1.44 

1.361; 0.169) + | 0.800) 5.433) 2.700) 3.275) 1.374 

Volatile matter..... 1.92 | 2.76 | 0.03 | 0.39 | 0.37 | 1.03 | 3.59 | 1.28 

Ca of acid extract. . + | 0.429 0.788) 0.635) 0.726 

“ water extract 0.528) 0.296 

Fe “ acid <6 + + 0.046; 0.040) 0.024 

0.006; 0.015 0.013 

“ water extract 0.016) 0.043 

P acid + | 0.006 0.102) 0.049) 0.023 

water extract 0.081; 0.073 

+ 0.006) 0.009) 0.014 

“ water extract 

‘water extract 

Pb “ acid + + 

+ 

“ “water extract. 


Examination of the data in Table I shows that there is no ma- 
terial chemical difference in the stones from a single gallbladder. 
In support of the belief that faceted stones do not differ greatly, 
in general, from cholesterol-pigment stones the analyses of Stones 
5, 9, and 14 of Table III are presented. Examination of the find- 
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ings shows that Stones 5 and 9, which are faceted stones, contain 
a greater per cent of cholesterol than does Stone 14 which is a 
cholesterol-pigment stone. The reverse of this would be expected 
according to the old classification. The fact that a cholesterol- 
pigment stone may not only contain less cholesterol than a faceted 
stone but that it may contain more acid-extractable material and 
more ash than the latter type can be seen in detail by comparing 
the separate divisions of Stone 15 with those of Stone 13. Fur- 
thermore, some faceted stones are very similar to cholesterol- 
pigment stones. A comparison of the analysis of Stone 10, a 
faceted stone, with that of Stone 15 would not enable one to dis- 
tinguish between the two types of stone. As a rule, however, it 
appears that cholesterol-pigment stones do contain more ether- 
extractable material and less ash than do faceted stones. 
Manganese, copper, and lead were found in about half the 
stones examined. All three elements appear in both types of 
stone, but manganese seems to occur most frequently in faceted 
stones. This element was found in only a few stones in sufficient 
amounts to be determined quantitatively. Iron was always 
found in both types of stone, and frequently in both the ferrous 
and the ferric form. Carbonates appear in both types of stone. 


Determination of Elements 


Calcium was determined by the Clark-Collip modification of 
the Kramer-Tisdall method (4). Calcium was always estimated 
in the hydrochloric acid extract, but when a stone was ashed, 
the element was determined in the ash also and the results used 
as a check on the calcium found in the extract. This procedure 
of making tests on the extract and on the ash was also followed in 
the analyses of iron, phosphorus, and manganese. 

Iron was determined colorimetrically by the method of Ken- 
nedy (5) and of Elvehjem (6). 

Phosphorus was determined colorimetrically by the use of 
molybdate-sulfuric acid and stannous chloride, the reagents being 
prepared according to the method of Kuttner and Cohen (7). 

The method of Reiman and Minot (8) was employed in deter- 
mining manganese quantitatively, but the small amounts of 
manganese in stones made slight modifications of the procedure 
necessary. The volume of the solution to be tested was adjusted 
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to about 3 cc. Then to the unknown and to a manganese stand- 
ard (1 ec. containing 0.01 mg. of Mn), 1 cc. of 50 per cent nitric 
acid, 0.2 ec. of 0.25 per cent silver nitrate, and 0.25 gm. of potas- 
sium persulfate were added. The reactions were carried out. in 
15 ec. centrifuge tubes, the color being developed by placing the 
tubes in boiling water for a few minutes. A color approximating 
that of permanganic acid will develop within 30 minutes without 
heating, but this is not the true color. Reiman and Minot (8) 
boil the solution a short time if at all, but to develop the proper 
color we find it necessary to boil. This necessity for boiling can 
be seen by preparing two solutions exactly alike except that one 
tube is heated, while the color in the other is allowed to develop 
at room temperature. If these solutions are placed in micro- 
colorimeter cups and compared in the colorimeter, a distinct or- 
ange tint will be noted in the solution not boiled. 

A spot test made according to the method of Feigl (9) was 
employed to detect the presence of minute quantities of manga- 
nese. A drop of the solution to be tested was placed on man- 
ganese-free filter paper and touched first with a drop of 0.05 n 
potassium hydroxide and then with a drop of benzidine solution 
(0.05 gm. of benzidine in 10 ce. of acetic acid made to 100 cc.). 
A blue color results, in the presence of manganese. 

Lead was determined microscopically by the triple nitrite test 
of Behrens and Kley (10). The procedure followed was that of 
Fairhall (11), which is a modification of the test mentioned above. 

Copper was determined by adapting the triple nitrite test to 
our needs. We applied essentially the same conditions to the 
determination of copper that Fairhall (11) used in determining 
lead except that instead of adding a drop of a 1 per cent copper 
acetate we added a drop of a 1 per cent lead acetate. 


SUMMARY 


Analysis of a large number of human biliary calculi shows there 
is no essential quantitative chemical difference between the two 
types referred to as cholesterol-pigment-calcium stones, and 
cholesterol-pigment stones. Hence there is no quantitative chem- 
ical basis for the present classification of these two varieties. 
Some cholesterol-pigment-calecium stones were found to contain 
even more cholesterol and less mineral matter than do some 
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cholesterol-pigment stones. This is the reverse of what would 
be expected according to the older classification. Furthermore 
some stones of supposedly opposite varieties, when analyzed, 
proved to be remarkably alike. There is a surprising regularity 
in the way the constituents are deposited in some stones, but as 
a rule these substances are laid down without order. Stones from 
the same gallbladder were found to be very similar from a chemical 
standpoint. | 

By using modern microchemical methods we have made quan- 
titative chemical measurements on calcium, iron, phosphorus, 
and manganese, and we have adapted the triple nitrite test for 
the detection of lead and copper to tests for those elements in 
human calculi. Quantitative determinations on the water-soluble 
substances of some stones are presented. 

Microchemical work is now in progress in this laboratory on 
sections of human gallstones. With photographs and x-ray pic- 
tures to guide the observer chemical reactions are carried out 
under the microscope to determine more exactly how the various 
constituents are deposited. We hope that these observations will 
aid in the interpretation of the Roentgenogram. 
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THE SUBSTITUTION OF DITHIOETHYLAMINE (CYSTINE 
AMINE) FOR CYSTINE IN THE DIET OF 
THE WHITE RAT 


By H. H. MITCHELL 


(From the Division of Animal Nutrition, Department of Animal Husbandry, 
University of Illinois, Urbana) 


(Received for publication, July 29, 1935) 


In 1931, Sullivan, Hess, and Sebrell (1) reported evidence 
obtained from the ordinary type of rat feeding experiment (in- 
volving ad libitum feeding) indicating ‘‘that the so-called cystine 
amine, employed as the hydrochloride, can replace cystine to a 
considerable degree for the purpose of growth of the young white 
rat.” The extent of replacement was assessed at 64.2 per cent. 
Contrary to this report, Block and Jackson (2) found that cystine 
amine “has no appreciable effect on the growth of albino rats 
ingesting a diet deficient in cystine.”” Judging from previous 
publications of Jackson and associates, the feeding procedure may 
be assumed to be essentially the same as that of Sullivan, Hess, 
and Sebrell, although no details of the experiments have as yet 
been published. 

Although available information affords no basis for believing 
that the animal body can carboxylate an amine, even though the 
reverse process is possible, such considerations deserve little 
weight, because the details of intermediary animal metabolism are 
so little known. Thus, the intimate relationship that has been 
established between methionine and cysteine strongly suggests a 
direct chemical conversion of one into the other, although, as 
Lewis (3) has well said, such a conversion ‘‘is difficult to picture in 
the light of any known mechanism of chemical transformation in 
the organism.”’ 

Since the possibility of the conversion of cystine amine to cystine 
seemed still to be in controversy, an experiment to test it in a more 
rigorous way than had been heretofore tried was undertaken. The 
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paired feeding method was used with the assurance that the 
growth-promoting effects of the test supplements would not be 
obscured nor distorted by differences in the amounts of comparable 
diets consumed by the experimental animals, and that the inter- 
pretation of the results would be correspondingly simplified. 
These advantages would be realized whether the supplements 
enhanced or depressed the appetites of the animals, or whether no 
effect upon appetite was produced. If a supplement improves the 
growth-promoting value of the protein component of a diet, it will 
generally improve the acceptability of the diet to experimental 
animals over that of the unsupplemented diet, but an equalization 
of the consumption of both diets will not obscure this superiority 
of the supplemented diet, while it will remove all danger that a 
difference in body weight gain between animals on comparable 
diets is the result merely of a difference in the intake of food. 

The basal diet used in the paired feeding work contained about 
9.2 per cent of protein and 22 per cent of fat. It consisted of 27.2 
per cent of dried skim milk powder, 5 per cent of a modified 
Osborne and Mendel salt mixture (4), 8 per cent of butter fat, 12 
per cent of lard, 2 per cent of cod liver oil, 10 per cent of sucrose, 1 
per cent of sodium chloride, and 34.8 per cent of starch. The 
water-soluble vitamins were provided daily to each rat in 4 to 6 
drops of a solution containing per 100 cc., 20 gm. of Yeast Vita- 
mine-Harris and 20 gm. of sucrose. 

That this basal diet is deficient in cystine was clearly shown in 
the first experiment. In this experiment the growth-promoting 
value of the basal diet was compared with that of a diet prepared 
by adding 3 gm. of cystine to a kilo of the basal mixture. In 15 
days of feeding, the rats on the supplemented diet had gained in 
body weight more than their pair mates in all eight pairs and had 
consistently attained a greater body length.! The average 
difference in body weight gain (M) between pair mates was 6.75 
gm., the standard deviation of differences (s), 2.95 gm., and the 
probability (P) that a fortuitous combination of factors deter- 
mining weight gain, common to rats on the supplemented diet and 
to those on the unsupplemented diet, would produce an average 

1Jn fact, after 7 days of feeding the supplementing effect of cystine was 


clearly evident, the mean difference in gain between pair mates being 4.50 
gm., and the probability of a fortuitous result less than 0.0001. 
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difference in gain as large as that observed, is only 0.0002 (5). 
For the differences in body length, the corresponding statistics 
are: M = 5.50 mm., s = 3.57 mm., and P = 0.0024. Both of 
these probabilities are so small that they may be neglected; hence, 
the conclusion that the one difference in composition between the 
two experimental diets, 7.e. the presence of added cystine, was 
responsible for the more rapid growth appears amply justified. 

The first test with cystine amine dihydrochloride was con- 
ducted exactly as was the cystine test. The cystine amine diet 
was prepared by mixing 3 gm. of the amine with 1 kilo of the 
basal diet. The cystine amine dihydrochloride used was synthe- 
sized by the Gabriel (6) method under the supervision of Dr. C. 8S. 
Marvel of the Department of Chemistry. It was a white crystal- 
line product melting at 212-213°. 

The cystine amine diet was poorly consumed and in all pairs the 
rat receiving this diet determined the food intake of the pair. At 
the end of 2 weeks, the total gains in weight were small or even 
negative, and indicated a slight retarding effect of cystine amine 
upon growth (M = — 1.37 gm.,s = 2.74 gm., P = 0.11). At this 
time the body lengths of the rats (after they were anesthetized 
with ether) were determined. These measurements also, and 
with more assurance, indicated a depressing effect of cystine 
amine upon growth (M = —4.37mm.,s = 4.98mm., P = 0.035). 

To determine whether cystine, at the low level of food intake 
prevailing during the 2nd week of feeding, would exhibit its char- 
acteristic stimulating effect upon growth, the cystine diet was 
substituted for the cystine amine diet at this time and the experi- 
ment was continued for 28 days, the food intake of all rats being 
restricted to 6 gm. daily. The average differences in body weight 
gains at the ends of successive weekly intervals, with the probabili- 
ties of a fortuitous outcome, are as follows, the positive sign 
indicating that the average difference in gain favored the pair mate 
receiving the cystine diet: M = —0.50 gm.; M = +1.25 gm., 
P = 0.16; M = +2.50 gm., P = 0.048; M = +3.25 gm., P = 
0.036. Evidently the supplementing effect of the cystine was 
only slowly revealed by body weight measurements, a minimum 
period of 3 weeks being required to establish a probability of less 
than 0.05 that chance alone could produce a similar outcome. 
The final body length measurements, compared with those taken 
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at the time the diet of the even numbered rats in each pair was 
changed, permit a statistical analysis of the gains in body length 
during the second feeding period. The mean difference in gain 
between pair mates was +6.25 mm., the standard deviation of 
differences, 4.05 mm., and the probability of a fortuitous result, 
0.0024. 

This experiment was to some extent unsatisfactory because of 
the brevity of the first feeding period. Since the supplementing 
effect of cystine at the level of feeding prevailing was not clearly 
evident until after 3 or 4 weeks of feeding, the characteristic effect 
of cystine amine would not be fully developed presumably in a 
period of 2 weeks. The experiment was, therefore, repeated with 
this fact in mind. A second preparation of cystine amine dihydro- 
chloride, prepared as was the first, was used in this test. Its 
melting point was identical with that of the first preparation? and, 
through the courtesy of Dr. Marvel, it was analyzed in his labora- 
tory with the following results: N 12.60, Cl 31.56, S 28.39 per cent 
(theoretical, N 12.44, Cl 31.55, S 28.44). This product was 
incorporated in the basal diet in the proportion of 3.23 gm. (the 
molecular equivalent of 3 gm. of cystine) to the kilo. The results 
of the second experiment are summarized in Table I. 

The cystine amine test was continued for 28 days, at which time 
a substitution of the cystine diet for the cystine amine diet was 
made. The experiment was then continued for 37 days longer. 
No measurements of body length were made at the time the change 
of diet was instituted. 

Again in this test the cystine amine exerted a definite depression 
of appetite and of growth rate. The average difference in body 
weight gain between pair mates for the 4 weeks of feeding was 
—4.37 gm., the standard deviation of differences was 3.71 gm., and 
the probability of a fortuitous outcome was only 0.0088. 

During the last 5 weeks of the experiment, each pair of rats was 
restricted to the plane of feeding (4 or 5 gm. of food daily) prevail- 
ing during the last week of the first feeding period. At the termi- 
nation of the 5 weeks all rats receiving the cystine diet had gained 
more in weight than their pair mates, the statistics of the differ- 
ences between pair mates for this period being M = +4.00 gm., 

2 Two different values have been reported for the melting point of cystine 


amine dihydrochloride; 7¢.e., 203° by Coblentz and Gabriel (7) and Sullivan 
and Hess (8), and 215° by Block and Jackson (2). 


H. H. Mitchell 703 


s = 2.40 gm., and P = 0.0015. The latter probability is so small 
it may be neglected. The body length measurements, taken at 


TABLE I 


Supplementing Effect of Cystine Amine and of Cystine on the Basal Diet. 
Second Experiment 


Pair 1, males Pair 2, males Pair 3, males | Pair 4, males 


Basal | | Basal | | Basal | | Basal | 


Initial weight, gm... 47 45 51 52 48 51 49 49 
Final ™ wa 62 77 74 74 72 77 71 
Gain in ‘ yee 19 17 26 22 26 21 28 22 
Food intake, gm....| 110 | 110 | 128 | 128 | 129 | 129 | 132 | 132 
Duration, days.....| 28 28 28 28 28 28 28 28 
Cys- Cys- Cys- Cm 

tine tine tine tine 


Final weight,* gm...| 86 87 | 106 | 112 | 107 | 110 | 108 | 106 
Gain in weight, gm..| 20 25 29 38 33 38 31 35 
Body length,t mm..| 177 | 177 | 186 | 185 | 183 | 186 | 186 | 184 


Food intake, gm. .... 148 | 148 | 185 | 185 | 185 | 185 | 185 | 185 
Duration, days.....| 37 37 37 37 37 37 37 37 
Pair 5, males Pair 6, males | Pair 7, females Pair 8, females 
Cys- Cys-  Cys- 
Basal Basal f Basal f Basal 
Initial weight, gm..| 45 | 46) 50 | 50] 47 47 | 49 47 
Final 66 81 68 61 | 09 65 60 
Gain in “ 20 31 18 Mi 16 13 
Food intake, gm.... 118 118 136 136 110 | 110-120 120 
Duration, days. .... 23 | 23 Bi | 28 
Cys- Cys-  Cys- Cys 
tine tine tine tine 


Final weight,* gm... 8&3 87 | 108 96 79 81 80 76 
Gain in weight, gm..; 18 21 27 28 18 22 15 16 
Body length,t mm..| 171 | 170 184 | 177 | 166 167 167 | 168 
Food intake, gm..... 148 , 148 | 185 | 185 | 148 148 | 148 | 148 
Duration, days. .... 37 37 37 37 37 37 37 37 


* Empty weight. 
+ From tip of nose to root of tail. 


the termination of the experiment, showed no consistent differ- 
ences between pair mates. Apparently the depression in dimen- 
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sional growth induced by cystine amine during the first 4 weeks 
was just about compensated for by the accelerated dimensional 
growth induced by cystine during the last 5 weeks of feeding. 

The retardation of growth induced by the ingestion of cystine 
amine is similar to that induced by ingestion of tyramine and 
histamine, as observed and reported by McCarrison (9). 

It is a matter of some importance to note that a severe restriction 
in the food intake of animals in a paired feeding test does not 
invalidate in any way the comparison of the growth-promoting 
value of two diets, contrary to the opinions of Titus (10) and of 
Titus, Jull, and Hendricks (11). The effect of such a restriction is 
merely to delay the appearance of the difference in nutritive value 
that it is desired to detect, in conformity with the theory (12) 
that the more of an unbalanced ration consumed the poorer 
nourished will be the animal with reference to the functions with 
respect to which the ration is unbalanced, and, conversely, the less 
of it consumed the better nourished the animal will be and the 
longer deferred will be the appearance of symptoms of malnu- 
trition. 


SUMMARY 


No evidence has been obtained that cystine amine can perform 
the functions of cystine in promoting animal growth. On the 
contrary, the addition of cystine amine to a cystine-deficient diet 
definitely depresses its growth-promoting value and definitely 
impairs the appetite of the animal consuming it. 

A severe restriction of food intake in a paired feeding experiment 
does not invalidate the comparison of rations; it merely delays the 
appearance of the effects of differences in nutritive value. 
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SUGAR DETERMINATION BY THE FERRICYANIDE 
ELECTRODE* 


By PHILIP A. SHAFFER anp RAY D. WILLIAMS 


(From the Laboratory of Biological Chemistry, Washington University School 
of Medicine, St. Louis) 


(Received for publication, July 29, 1935) 


Alkali ferricyanide is in some respects an ideal oxidant for the 
quantitative determination of reducing sugars. Stable in alka- 
line solution, it is reduced by sugars to a stable soluble reductant 
(ferrocyanide) which is unaffected by atmospheric oxygen. The 
quantity reduced may readily be determined in several ways: 
by iodometric titration (1), by gasometric (2) and colorimetric 
(3) measurement, and by the time period required for reduction 
(4). Another simple and convenient method is measurement of 
the electrical potential of a platinum wire immersed in the solu- 
tion, the well known ferri-ferrocyanide electrode. If the sum of 
ferri- and ferrocyanide concentrations is known, and certain 
constants are established for the particular solutions and condi- 
tions used, the measured potential indicates the quantity of 
ferricyanide reduced, from which the quantity of sugar oxidized 
may be calculated. 

This method has several important advantages. No accessory 
solutions and no further chemical treatment are needed. An 
electrode and salt bridge are inserted and the potential is read 
against a reference half-cell by means of a potentiometer and 
galvanometer. The potentials are exceptionally well poised, are 
quite reproducible, and may be quickly measured with consider- 
able accuracy. The values are unaffected by pH change or by 
the products of the sugar oxidation, and are independent of the 
volume of solution about the electrode. The potential is definite 
in quite low ferri-ferrocyanide concentrations, which permits 


* Aided by a fund given by the Rockefeller Foundation to Washington 
University for research in science. 
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determination of smaller quantities of sugar than are required 
for other methods. Amounts of glucose of the order of 0.005 mg. 
suffice for a determination. Since the composition of the solution 
is substantially unaltered by measuring its potential, repeated 
readings of the same solution may be made, thereby indicating 
the rate as well as the final result of reaction in a single solution. 

The purpose of this paper is to outline the principal considera- 
tions concerning the application of the ferri-ferrocyanide electrode 
to sugar analysis and to describe procedures in which it is utilized 
for the determination of sugar in blood. Applied to blood filtrates 
prepared by zinc hydroxide precipitation, approximately correct 
values for ‘‘true sugar” are obtained. So small a quantity as 
0.02 to 0.05 cc. of blood is enough for an analysis. Applicable 
also to larger quantities, the sensitiveness of the potentiometric 
method makes it especially suitable for small samples of cutaneous 
blood, and for repeated analysis of the blood of small animals 
without making necessary their sacrifice. 

The method is quite suitable for use with pure sugar solutions, 
and should be applicable to other biological solutions besides 
blood. But ferricyanide is reduced by many substances other 
than sugars and their possible interference must be considered 
before this oxidant can safely be used with any untried solution. 
This restriction applies by whatever method the ferricyanide re- 
duction is measured. The potentiometric method may have an 
advantage in this respect; no supplementary reagents being used, 
possible side reactions between these and such other substances 
as may be present are avoided. In some blood filtrates, for ex- 
ample, the results calculated from potentials are less than results 
by iodometric titration, owing apparently to a consumption of 
iodine in acid solution by substances (glutathione?) not com- 
pletely oxidized by ferricyanide in alkaline solution. This sort 
of interference is avoided by the potentiometer method. 

The ferricyanide electrode was first used to study the rate of 
sugar oxidation in 1928 by Ariyama and Shaffer (5) and was the 
basis of a method for blood sugar analysis, demonstrated (6) in 
1929. Details of this work were not published, but much use 
of the method has since been made in this laboratory. The inde- 
pendent application of ferri-ferrocyanide electrode potentials to 
similar problems by Wood (7) prompts us to report a summary 
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of our experience and the procedure used in this laboratory. It 
should be stated that the potentiometric method is not advocated 
as a substitute for satisfactory titrimetric or colorimetric proce- 
dures unless the number of analyses to be made, the volume of 
blood available, or other circumstances justify its choice. For 
only occasional analyses, or in the hands of workers who are not 
somewhat familiar with the technique of potential measurements, 
it would be less satisfactory than the standard methods now 
generally used. 


Properties of the Ferri-Ferrocyanide Electrode 


When an alkaline solution containing both ferri- and ferro- 
cyanide (the reagent, before or after being heated with reducing 
sugar) is joined by a salt bridge with a reference electrode, as in 
the cell 


Reference Salt Fe; + Fe. 
electrode bridge reagent + 
Pt (Fe; + Fe. sugar Pt 
reagent + 
water) 
R A B C 


the observed potential is the algebraic sum of single potentials 
at R, liquid junctions at A and B, and the electrode C. It is the 
potential at C which must be measured. A simple and effective 
way to avoid change of the liquid junction potentials at A and 
B is to use as the reference electrode R another sample of the 
Fe,-Fe, sugar reagent diluted with water instead of sugar solution. 
The solutions at R and C then have the same electrolyte composi- 
tion, and the junction potentials at A and B are equal and op- 
posite in sign, and cancel. Under these conditions a change in 
the cell potential represents the change of potential at C resulting 
from the decrease of Fe; and increase of Fe, caused by sugar 
oxidation. 

The next step is to relate the potential to concentration of the 
sugar oxidized. Although this may be done merely by experi- 
mentally determining the potentials corresponding to different 
sugar concentrations under defined conditions, it is desirable also 
to relate the potentials first to Fe; and Fe, concentrations, and 
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these to sugar concentrations, as would be done with chemical 
methods of analysis. This requires consideration of the behavior 
of the Fe,-Fe, electrode. 

The theoretical equation is 


RT (Fe,) 
(1) E = E, In (Fe,) 
or 
(2) 


F [Fe,]} F Yo 


where the terms in parentheses represent activities. The equation 
may be written also in the second form, involving concentrations 
denoted by brackets and activity coefficients (7). 

Study of the electrode by a number of workers (8, 9) shows 
that the potential of solutions equimolar as to ferri- and ferro- 
cyanide concentrations varies greatly with their sum and also 
with the concentration of all other electrolytes. The extent of 
this effect is illustrated by the data in Table I and by similar 
data recorded by Michaelis (9). The principal factor appears 
to be the total cation concentration, an increase of which sup- 
presses the dissociation of Fe, to a greater degree than that of 
Fe,, thus increasing the activity ratio and giving a more positive 
potential. The effect is quite complex, owing perhaps to a step- 
wise dissociation of the salts of polyvalent ions, yielding a mixture 
of several sets of oxidant-reductant pairs. Whatever its explana- 
tion, this salt effect must either be avoided or taken into account 
in attempts to relate potentials to Fe; and Fe, ratios and concen- 
trations. Fortunately it is simple to sidestep this complicating 
factor by adding to the solutions a large excess of another elec- 
trolyte. This addition serves also another useful purpose. 

In the absence of other electrolyte the potentials become indefi- 
nite at Fe; + Fe, concentrations below about 0.001 m. But 
in the presence of 1 or 2 Mm KCl the potentials are poised and 
reproducible at 0.0001 m (Table I). This stabilizing effect of 
added electrolyte on the potential of quite dilute ferri-ferrocyanide 
solutions makes possible the potentiometric analysis of similarly 
dilute sugar solutions, an application which constitutes one of 
the method’s principal advantages. High salt content also tends 
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to minimize the effect of electrolytes added in the sugar solution. 
(This effect of electrolyte added in the sugar solution must, how- 
ever, receive consideration.) 

In any series of solutions, the electrolyte concentration of which 
is kept constant and high in relation to [Fe; + Fe.], it may be 
assumed that the activity coefficients of Fe; and Fe, will be ap- 
proximately constant. The activity term in Equation 2 may then 
be regarded as constant and may be combined with the value 
Ey to give E’o, the apparent normal potential for that set of solu- 


TABLE | 
Potentials of Equimolar Solutions of K3Fe(CN). and K,Fe(CN), 


Solutions read against a saturated KCl-calomel electrode at 25°, liquid 
junction potentials being disregarded. 


(Fe; + Fe] Noaddedsalt KCL | NaCl 
0.25 0.217" 0.242 0.257* 0.257* 
0 20 0.213 0.240 0.255* = 0 255° 
0.10 0.198 0.235 0.252* 0 249° 
001 0.158 0.229 0.249 0 244 
0 001 Indefinite 0.229 0.249 0 243 
0 0001 0.229 0.250* 0 246* 
| Na2dO« 
_ 
005m | Olm | 025m 05m | 10m 
0.01 017 0.184 0199 214 0283 


* We are indebted to Mr. John D. Stull for these values. 


tions. When two such similar solutions are combined in a cell, 
its potential should vary in accordance with the equation 


RT (Fel , RT, 


We find that under the conditions stated the potentials comply 
rather accurately with this equation, with variation of the ratio 
[Fe,|/[Fe.] between 20 and 0.05. Illustrative data are given in 
Tables II and IV. Beyond these extremes of the ratio the devia- 
tions of measured potential become considerable, though, owing 
to the mathematical relations, the corresponding error in terms 
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of chemical equivalents is not very serious. The potential change 
of solutions in which [Fe,] is reduced by sugar complies with the 
equation beyond the above limits rather better than do mixtures 
of K;Fe(CN).s and K,Fe(CN)., in which a change of electrolyte 
concentration is unavoidable. The deviations observed with 
mixtures are therefore perhaps due in large part to a change of 
cation concentration, which need not occur with sugar solutions. 

Having established the validity of Equation 3, we may use it 
under the stated conditions to calculate change in concentration 


TABLE II 

Variation of Potential with Ferricyanide to Ferrocyanide Ratio 
The reference electrode in each case was a solution of the same concen- 
tration of added salts and [Fe; + Fe,] as in the half-cell measured, but Fe, 
= Fe,. Saturated KCl-agar bridge, 25°. 


Potential difference 


|= Theory 

None (|M 2m KCl | 2m NaCl! Reagent II 

M volt volt volt volt volt rolt 

0.01 10 0 0585 | 0.0598 | 0.0594 | 0.0593 | 0.0590* _ O 0591 
0.1 0 0585 0.0581 O 0585 | 0.0583 | 0.0591* | 0.6591 

| | Reagent III 
0.001 10 0 0577 | 0.0594 | 0.0592 | 0.0585* | 0.0591 
0.1 0 0552 0.0593 | 0 0597 | 0.0600" | 0 0591 
0.0005 | 10 to | 0.1174* | 0.1182 

01 | | 


* These solutions contained0.24 Mm Na2COs, 0.06 m NaHCQs, and lm NaCl. 


of Fe; caused by its reduction by sugar or other reducing sub- 
stance. Reagents are constructed containing known concentra- 
tions of Fe; and Fe,, a mixture of carbonate and bicarbonate to 
provide the desired alkalinity, and a large excess of NaCl or other 
additional electrolyte. This solution, diluted with an equal 
volume of water (or with a salt solution of the same composition 
as contained in the sugar solution), is used as the reference elec- 
trode. Another portion of the same reagent, similarly diluted 
with an equal volume of the sugar solution, is heated under con- 
ditions to accomplish nearly complete oxidation of the sugar and 


| 
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reduction of a corresponding quantity of Fe; to Fe,, without 
change of concentration by evaporation. The second portion 
is then joined by a salt bridge with the reference electrode, both 
at the same known temperature, and the potential of the cell is 
measured. This procedure, which is in principle the same as 
that used by Wood (7), avoids the difficulty both of liquid junc- 
tion potentials and of activity coefficients. Another advantage 
in using the reagent as the reference electrode is that the sign of 
potential is always the same, which avoids confusion. It also 
simplifies calculation of results. 

Calculation of equivalents of Fe; reduced from the observed 
potentials is made as follows: Equation 3 may be written for 
25° in the following form. (When the potential is read at another 
temperature, the quantity 0.0591 is substituted by the appro- 
priate value.) 


(4) Eos. = (Ej) + 0.0591 log R) — (Ej + 0.0591 log R’) 
(A) (B) 
Reference electrode, Reagent + sugar 
reagent + water solution 


where R represents the known ratio [Fe;]/{Fe.] of the reagent and 
Rk’ the unknown ratio after heating reagent and sugar solution. 
From Equation 4 


(5) log R’ = log R — (Eots./0.0591) (25°) 
and 
R’ 
(6) = F (fraction of total Fe; + Fe, as Fe; in B) 


R’ +1 


Subtraction of the molar concentration of Fe; in B from that in 
A (the reagent as prepared) gives the molar concentration of 
Fe; reduced by an equal volume of the sugar solution. 
The quantity of ferricyanide reduced by a given quantity of 
pure reducing sugar thus calculated from the potential agrees 
well with the results obtained by iodometric titration of residual 
ferricyanide, with the same reagent, sugar concentrations, and 
conditions during the heating period. A few results with glucose 
which illustrate comparison by the two methods of ferricyanide 
determination are given in Table III. The data show also that 


| 
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the equivalent reduction is fairly constant (for a given reagent), 
independent of sugar concentration. This confirms the same 
conclusion by Hawkins and Van Slyke and by Wood. 


Composition of Reagents 


In deciding upon an optimum composition for a ferricyanide 
reagent to be used for potentiometric measurement, two consi- 
derations are involved: those factors which affect the sugar oxi- 
dation, and those which concern the potential measurement. We 


TABLE III 
Determination of Ferricyanide Reduction by Potentials and by Iodometric 
Titration 
5 cc. of glucose solution of the concentrations stated plus 5cc. of Reagent 
II, heated 15 minutes. Potentials read at 25° against reagent plus water 
(unheated). 


Fe; reduced 
mM per liter M per M glucose oxidized 
AE 
Glucose concentration Calculated from By jodo- 
potential titration; | Potential | Titration 
corrected 
Corrected | for blank 
"100 mM mov. 
0 0 B.a 0.2 
2 0.111 10 4 0 86 0 66 0.7 5.94 6 30 
10 0.556 31.4 3.50 3.30 3.4 5.94 6.12 
20 1.11 50.4 6 84 6.64 6.7 5.98 6 04 
40 2.22 84.8 13.14 12.94 13.0 5.82 5 86 
50 2.78 115.0 16.14 15 94 15.7 5.74 5.65 


shall consider these briefly in order that a composition may be 
better selected to suit particular circumstances. 

The alkalinity of the solution influences the rate of sugar oxi- 
dation by Fe; and the reduction equivalence in the same manner 
as found by Shaffer and Somogyi with copper solutions (10). 
Wood (7) has recently studied this question in some detail, using 
glycocoll-NaOH buffers. Our experiments with Fe; in carbonate- 
bicarbonate solutions, referred to in an earlier paper ((10) p. 700), 
are in general agreement with his conclusions. The higher the 
ratio of carbonate to biearmonate (the higher the pH of the solu- 
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tion), the more rapid the sugar oxidation at a given temperature, 
and the less Fe; reduced per mole of sugar. Increasing the total 
carbonate content has the same effect as lowering the ratio, or 
the effective alkalinity. The addition of high concentration of 
of NaCl or other salt (for the purpose of poising the potentials 
and to minimize the effect on the potential of change of electrolyte 
concentration) slows the rate of sugar oxidation. The relative 
rate of oxidation of various sugars is indicated in the paper on 
copper reagents (10). 

To improve its keeping quality as well as to poise the reference 
electrode potential some Fe, must be included in the reagents. 
For greater sensitiveness we use such quantities of Fe, as to give 
an initial ratio of Fe;/Fe, = 9 (instead of 1, adopted by Wood). 
This allows a potential difference (from reagent) of 0.1128 volt 
at 25° or 0.1408 volt at 100°, when after reduction by the sugar 
solution 10 per cent of the total Fe; + Fe, is left unreduced. 
The greater this difference, the smaller will be the percentage 
error from variations in potential readings.! 

Although the relation of E.M.F. to quantity of Fe; reduced is 
obviously not linear, a difference of 1 millivolt corresponds to 
an average of somewhat more than 0.5 per cent of the total Fe; + 
Fe,. To attain the highest accuracy in results it is, therefore, 
necessary that the reagent contain only a small fraction of Fe, 
and that a large fraction of the Fe; be reduced by the sugar solu- 
tion. In order that this may be realized the Fe; content of the 
reagent must be related to the sugar concentration. An optimum 
concentration, when equal volumes of reagent and sugar solution 
are used, is M Fe; = 0.5 X gm. per cent of glucose (the maximum 
expected in the solutions), M representing molar Fe; in the reagent. 


'The precision of potential measurements will depend upon many 
factors, including the type of apparatus and efficiency of temperature 
control. Because of greater variations in other steps of the determination, 
especially during the period of heating reagent and sugar solution, it is not 
necessary to attain maximum precision in the potential measurement. 
The degree of over-all reproducibility is indicated by the agreement of 
potentials of duplicate sugar solutions, usually within 0.5 to 1 millivolt. 
We have used a Leeds and Northrup type K potentiometer, a high grade 
galvanometer, and automatic constant temperature (water) bath. Such 
equipment is, however, not necessary. The less costly ‘“‘student’”’ type 
of apparatus used with quinhydrone electrodes is quite satisfactory. 
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Reagents should be constructed with these points in mind. As 
with copper reagents, no single composition is optimum for all 
sugars, for all sugar concentrations, periods of heating, or other 
experimental conditions. We give the composition of three solu- 
tions which have been found suitable for different concentrations 
of glucose. Other mixtures might be equally satisfactory, pro- 
vided a suitable heating period is adopted. 


| Ferricyanide Reagents 
Reagent I—For glucose solutions 0.05 to 0.2 per cent. 


M gm. per l. 
0.01 4.2233 


Reagent II—For 1:10 or 1:20 blood filtrates or for glucose solu- 
tions 0.001 to 0.05 per cent. 


M gm. per l. 
0.002 0.8446 


With carbonate, bicarbonate, and chloride content the same as in Rea- 
gent I. 


Reagent II I—F¥or blood filtrates of greater dilution or for glu- 
cose solutions 0.0001 to 0.0025 per cent: K;Fe(CN)., 0.0009 m, 
K,Fe(CN)., 0.0001 M, with carbonate and chloride content as in 
Reagents I and II. This reagent is unstable and should be pre- 
pared the day it is used. Measuring 5 cc. of Reagent II into a 
100 ec. volumetric flask and diluting to volume with a stock 
carbonate-chloride solution of the same concentrations as are con- 
tained in Reagents I and II give Reagent III. The carbonate- 
chloride solution is made up separately and (after dilution with 
an equal volume of water) is used also for the salt bridge at 100° 
as described below. 

In preparing the reagents the ferri- and ferrocyanides (reagent 


j 
. 
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quality) are weighed accurately. It is convenient to dissolve the 
Na2CO3, NaHCO;, and NaCl in order and to add the ferro- and 
ferricyanides last. After dilution to volume Reagents I and II 
should be filtered through good quality paper, the first portion 
of filtrate being discarded. The solutions should be kept in 
stoppered Pyrex bottles or flasks, away from light. 

Table IV gives observed values of the potentials for these 
reagents, which serve to check whether a batch has been correctly 
made. Rechecking the value of the potential of a reagent at 
intervals under the conditions stated gives a measure of its sta- 
bility. With pure chemicals the potentials decrease only a few 


TaBLeE IV 
Potentials of Ferri-Ferrocyanide Reagents 
Reagent plus an equal volume of water. 


AE from reagent, 9:1 
En, 25° | Fe; + Feo 25° 100° 
Observed | Theory |Observed' Theory 
volt M mv. mov. mv. mv 
I +0.539 | 0.05 9:1 
0.05 1:1 56. 56 .4 
0.05 1:9 112.7 | 112.8 
Il +0 .534 | 0.01 9:1 
0.01 1:1 56.3 56 .4 69.9 70.4 
0.01 1:9 112.7 | 112.8 | 140.5 | 140.8 
III +0 .532 | 0.0005 9:1 
0.0005 1:1 55.9 56 .4 62.0 70.4 
0.0005 1:9 112.8 | 112.8 | 140.0 | 140.8 


millivolts in the course of months. 


If not greater, the change is 


negligible as affecting the results with sugar solutions, being in 
large part corrected for by using the reagent as the reference 
electrode. 

The standard of reference for the values of #, in Table IV is 
the quinhydrone electrode in 0.05 m acid potassium phthalate, 
assigning to it, at 25°, the value +0.4643 volt to the normal 
hydrogen electrode. This corresponds with Clark’s value of 
3.974 for the pH of this solution, and 0.6992 for Ey of quinhydrone 
at 25°. Saturated KCl-3 per cent agar bridges were used and 
liquid junction potentials are neglected. An independent check 
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is to prepare additional solutions of the same composition as the 
reagent but having different ratios of ferri- to ferrocyanide, as il- 
lustrated in Table IV. The potential difference between elec- 
trodes in similar pairs of solutions joined by a bridge should be 
within 1 millivolt of that calculated by the electrode equation. 
Table IV gives values observed under these conditions. 


Procedure 


5 cc. (or 2 cc. if desired) of the sugar solution (blood filtrate) 
are measured into a test-tube (25 X 200 mm. for 5 cc.), an equal 
volume of the proper reagent is added, and the solutions are 
mixed by shaking. A second tube is prepared with the same 
quantity of reagent, with water instead of the sugar solution (or 
with a salt solution of like concentration to that of the sugar 
solution) for use as the reference electrode. This reference tube is 
heated in order to correct for the small autoreduction of the re- 
agent.?, Both tubes are covered by glass bulbs (or clean rubber 
stoppers bearing a capillary tube) to avoid loss of water by evapo- 
ration. The rack holding the tubes is placed in a vigorously 
boiling water bath for 15 minutes (see (10) p. 710). 

Kither of two procedures may be used for measuring the po- 
tential. (a) After heating, the tubes are removed, cooled by 
setting the rack in cold tap water, and brought to a fixed tem- 
perature (25°) by being placed in a constant temperature bath, 
in which the potentials are read. (b) The boiling water bath 
may be used as the constant temperature bath, the potentials 
being read with the tubes immersed in it. In either case each 
tube is removed at the end of the boiling period and shaken so 
as to restore to the solution the water which has been condensed 
on the walls of the tube. On its return to the bath in which 


2 With reagent grade chemicals and good distilled water these blank po- 
tential changes are fairly constant, for Reagent I about 2 to 3 millivolts; 
for Reagent II, 3 to 4 millivolts; for Reagent III, 5 to 10 millivolts. Varia- 
tions within this limit introduce negligible errors, since the heated blank 
potential decrease is automatically subtracted. Since these corrections 
enter indirectly into the slope of the calibration curve of the reagent, they 
should be determined by individual workers. If corrections are much 
greater than the above values, the reagent should be discarded or a new 
calibration curve should be made with it by analysis of known amounts of 
pure glucose. 
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potential is to be read, a “‘seasoned”’ platinum electrode is inserted 
in each tube, followed by a salt bridge joining the sugar tube with 
the reference electrode. 

The bridge used at lower temperature is a small bore glass tube 
bent like a hairpin and filled with saturated KCl in 3 per cent 
agar-agar. A new surface is exposed by cutting off a short section 


TABLE V 
Potentials Corresponding to Glucose Concentrations 


5 cc. of reagent plus 5 cc. of glucose solution, heated 15minutes. Poten- 
tials were read at 25° against reagent plus an equal volume of water (heated). 
Saturated KCl-agar bridge. Bureau of Standards glucose was used. 


Reagent I agent II Reagent III 
Total ferri + ferro = 0.10 Total > = | Total ferri + = 0.001 
mg mg. mg 
0.05 0.0045 0.01 0 0041 0.001 0.0055 
0.10 0.0090 0.02 0.0079 0 .002 0.0115 
0.15 0.0130 0.03 0 0114 0.003 0.0157 
0.20 0.0165 0 .04 0 0145 0 .004 0.0197 
0.30 0.0235 0.05 0.0200 0.005 0 0230 
0.40 0.0290 0 08 0 0249 0 006 0.0265 
0.45 0.0315 0.10 0 0288 0.008 0.0330 
0.60 0.0385 0.12 0 0339 0.009 0.0360 
0.80 0 0476 0.14 0 0374 0.010 0.0389 
1.00 0 0562 0.16 0 0404 0.014 0.0507 
1.20 0 0650 0.20 0 0478 0.016 0.0565 
1.40 0.0745 0.25 0 0554 0.018 0.0625 
1.50 0.0800 0.30 0 0631 0 020 0.0688 
1.60 0 .0860 0.35 0.0716 0 021 0.0725 
1.70 0.0930 0.40 0.0821 0 022 0.0762 
1.80 0.1010 0.44 0.0919 0 023 0.0805 
1.90 0.1100 0.48 0.1044 0 024 0.0850 
2.00 0.1204 0.50 0.1124 0.025 0 0896 


of each arm with a file each time the bridge is used. For the 
boiling temperature the bridge is a Y-tube, the arms of which are 
attached by rubber tubing, the ends having capillary tips or being 
closed by sintered glass powder. The whole tube is filled with the 
carbonate-NaCl solution (without Fe,-Fe,) diluted with an equal 
volume of water. A pinch-clamp at the top, closed when the 
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bridge is in place, is opened after its removal to allow a few 
drops to flow out before insertion for the next reading. 

The potential is then read by potentiometer and galvanometer. 
The electrode in the sugar tube is always negative to the reference 
electrode. The electrodes are “seasoned” by being kept, when 
not in use, in a sample of the reagent solution. They are rinsed 
and wiped dry each time before use. 

The results are most simply calculated by use of curves or 
tables constructed from such data as are given in Tables V and VI. 
It will be noted that the data given are applicable only for the sugar 


TaBLeE VI 
Potentials Corresponding to Glucose Concentrations 
Potentials read at 100° + 1°. Reference electrode, reagent plus equal 
volume of water. Bridge, the (diluted) salt solution. Bureau of Standards 
glucose. Heating period, 15 minutes. A “‘student’’ potentiometer was 
used. 


Reagent II Reagent III 

mg. mg. 
0.02 0.0095 0.002 0 0180 
0.05 0.0210 0 0.0280 
0.10 0 0350 0 008 0.0450 
0.15 0 0475 0.01 0 0525 
0.20 0 0585 0.015 0.0680 
0.30 0.0790 0.02 0 0880 
0.40 0.1030 0.025 0.1170 


stated (glucose) and when the composition of reagents and all 
experimental conditions are the same as here described. 

Procedure for Determination of Sugar in Blood—Filtrates of 
1:10 or 1:20 dilution, prepared by zine hydroxide precipitation 
as described by Somogyi (11), yield approximately “true sugar” 
values by the potentiometric method. Filtrates from tungstic 
acid or iron precipitation yield higher values by ferricyanide 
methods, both titrimetric and potentiometric, than by copper 
reagents. 

For convenience the composition of the Somogyi solutions for 
blood precipitation are given below, together with a modified 
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solution for use with small quantities of blood. For blood pre- 
cipitation at 1:10 (or 1:20) dilution: Solution 1. 12.5 gm. of 
ZnSO,-7H20 and 125 cc. of 0.25 N H,SO, per liter. Solution 2. 
0.75 N NaOH. Lake 1 volume of blood in 8 volumes of Solution 
1, add 1 volume of Solution 2, shake well, and centrifuge or filter. 
To remove the trace of excess zinc salt present in these filtrates 
add to the filtrate a pinch of solid NasCO; (about 1 mg. per 10 
ec.), dissolve, and again centrifuge or filter. 5 (or 2) cc. of the 
solution are then added to an equal volume of Reagent II, follow- 
ing the procedure described above. 

Microdetermination—When only small quantities of blood are 
available, the following procedure is used. The blood is measured 
in 0.02 (or 0.05) ce. pipettes of capillary tubing such as are used 
for the determination of hemoglobin. The following solutions 
are used for the precipitation: Solution A. To 148 cc. of water 
add 40 cc. of the Somogyi Solution 1 above. Solution B. 0.030 
xn NaOH. Measure 3 cc. of zinc Solution A into a 15 cc. centri- 
fuge tube. Into this the blood is discharged, the pipette being 
rinsed with the solution. The mixture is well stirred by blowing 
air through the solution by means of the pipette. 2 cc. of Solution 
B (0.03 n NaOH) are added, and the tube is stoppered, shaken 
throughly, and centrifuged. Without removing the solution from 
the tube, the residual zinc is precipitated by adding a pinch (0.5 
mg.) of dry Na2CO3 which is dissolved by shaking gently so as 
not to disturb the protein precipitate. The tube is then centri- 
fuged again. The clear solution may then be poured off; if nec- 
essary it may be filtered through a small, washed, dry filter paper. 
(Unless the filter papers have been carefully prepared, filtration 
is not reeommended.) The dilution is 1:251 (or 1:101 if 0.05 ce. 
of blood is used). 2 cc. of the solution are used with 2 cc. of Re- 
agent III, as above described for solutions of higher concentra- 
tion. Reagent III plus water, heated, is used as the reference 
electrode. 

Table VII shows a comparison of results by the electrometric 
method with values by the Shaffer-Somogyi copper Reagent 
50 (10). Many similar results appear to justify the conclusion 
that the results by the ferricyanide electrode on zinc filtrates 
of blood are substantially the same as are obtained with the iodo- 
metric copper reagents on the same filtrates, and represent ap- 
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proximately ‘“‘true sugar” values. It will be noted that the results 
with Reagent III on filtrates of 1:251 dilution, for which only 
0.02 cc. of blood was used, do not differ greatly from the values 
on 1:10 filtrates. 


TABLE VII 


Blood Sugar. Comparison of Results on Zinc Filtrates by Iodometric-Copper 
Reagent and by Ferricyanide Potentials in Filtrates of Different Dilutions 


The data are given in mg. (glucose) per 100 cc. of blood. 


1:10 filtrates 1:251 filtrates | 1:25! diluted from 
Blood No. 
Copper Ferricyanide Ferricyanide Ferricyanide 
Reagent 50 Reagent II Reagent III Reagent III 
Potentials measured at 25° 

1 102 108 99 98 

2 14 20 14 18 

3 44 44 38 38 

4 82 86 89 

5 118 122 120 

6 100 108 102 

7 92 100 95 

8 156 158 160 

Potentials measured at 100° 

1 150 156 159 

2 58 60 63 

3 128 127 134 

4 S4 8&8 100 

5 | 216 224 220 

6 | 242 242 240 | 

SUMMARY 


Procedures are described for the determination of reducing 
sugars by the ferri-ferrocyanide electrode. Provided interfering 
substances are absent, satisfactory results are easily and con- 
veniently obtained over a wide range of sugar concentrations. 
Smaller amounts of sugar are required for the determination than 
by other methods so far used. With filtrates prepared by zinc 
hydroxide precipitation of blood, sugar concentration may be 
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determined on 20 c.mm. of blood. The method is applicable to 
the analysis of similar quantities of other solutions. 
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MAXIMUM ROTATIONS OF CARBOXYLIC ACIDS CON- 
TAINING A PHENETHYL GROUP 


By P. A. LEVENE anp STANTON A. HARRIS 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, August 5, 1935) 


There was a twofold object in undertaking the present investiga- 
tion. The first was to establish the maximum numerical values 
for the rotations of the configurationally related derivatives of 
disubstituted carboxylic acids containing a phenethyl group; the 
second, to extend the series of these acids beyond those previously 
described. 

All the derivatives of the phenethyl series previously described 
were derived directly from methylphenethylacetic (2-methyl-4- 
phenylbutyric) acid. The reduction of the ester of this acid to the 
corresponding carbinol, which was the parent substance of all other 
derivatives, may be expected to be accompanied by a certain 
degree of racemization. On the other hand, methylethylphen- 
ethylmethane (3-methyl-5-phenylpentane) can be prepared from 
active amyl alcohol whose maximum optical rotation is known. 
This reaction may be accomplished without racemization and, on 
the basis of the maximum rotation of this hydrocarbon, the maxi- 
mum rotations of other members of the phenethyl] series could be 
calculated. The hydrocarbon had been prepared by Klages and 
Sautter! and by Hardin? by the action of amylmagnesium iodide on 
benzaldehyde. The reaction was accompanied by a considerable 
degree of desaturation and therefore Klages found it expedient to 
desaturate the entire products of the reaction and then to reduce 
them by means of sodium and alcohol. These reactions are rather 
drastic in character and it seemed desirable to prepare the hydro- 
carbon by a set of milder reactions. Indeed, it was found that 


' Klages, A., and Sautter, R., Ber. chem. Ges., 37, 649 (1904). 
2 Hardin, D., J. chim. physiq., 6, 584 (1908). 
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TABLE [| 
Maximum Rotations and Densities of Derivatives of 2-Phenethylpropionic 


Acid 
<= 
Density. ...| 1.0469) 0.9790| 0.9713) 1.2346 1.0277) 0.9745) 0.9606) 0.8563 
(20°) | (28°)| (20°) (20°)| (23°)| (20°); (20°); (25°) 
—7.25| —2.41] | —4.50] —4.88] —5.52 
based 
on parent 
acetic 
acid...... +51. 20/+50 —23 52'—10.81,—26 .60)—19 63)—17 .03|—17.72 
(by 
reso- 
lution) 
[MJ], based 
on hydro- 
earbon . —46 60 —21 41 —52 69 —38 89 —33 72) —35.10 


TABLE II 
CH; 


Maximum Molecular Rotation of Derivatives of H—C—(CH,),COOH 


(CH2).Colls 
CH; 


Leading lo 


(CH2).CHs 

CH; 

—16.26' —6.52 —17.20 —20.07| —14.26 
Cal 
CH, 

H—C—CH,CH,— —4.98 —6 31 


| 
| 
| 
726 
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when active amylmagnesium bromide was used for condensation 
with benzaldehyde, the reaction proceeded without desaturation. 
The resulting secondary carbinol was readily reduced with hydro- 
gen iodide without heating. The hydrocarbon had, maximum 
(M]® = —35.10°; D 25/4 = 0.8569; n® = 1.4862. Klages and 
Sautter found [M]}** = 25.8°; D 19/4 = 0.8521: n, = 1.4896. 

The maximum rotations of all members of the phenethyl series, 
based on that of the hydrocarbon, are given in Tables I and II. 
Table I? contains the data on the substances previously described 
and Table II on those newly prepared. 

The second task in regard to substances of the general type 


(CH2),COOH 


(where n = 0 or an integer) was to investigate the possible occur- 
rence of a periodicity in the values of the optical rotation of these 
substances with successive increase in the value of n. 

From Table III it may be seen that the periodic fluctuation of 
rotatory values of the four acids thus far prepared is unmistakable. 
Similar observations were made in the case of the analogous phenyl 
derivatives and in the carboxylic acids of the normal series. The 
underlying physical basis for this phenomenon will be the subject 
of a separate investigation. 


EXPERIMENTAL 


The derivatives of 2-methyl-4-phenylbutyric acid leading to 
the formation of 1-phenyl-3-methylpentane were prepared by the 
procedures described by Levene and Marker‘ in a previous paper. 
The details of their preparation will therefore be omitted here. 
The densities and the maximum values of their optical rotations 
are given in Table I. Only the resolution of the 2-methyl-4- 


3 In the article by Levene and Marker (J. Biol. Chem., 110, 312 (1935)), 
the second paragraph should read, ““The relationship of (II) to (III) has now 
been established by the set of reactions given in Table I, which shows that 
dextro-2-phenelhylpropionic acid (II) leads to levo-methylethy] phenethyl- 
methane (IIT).’’ 

‘ Levene, P. A., and Marker, R. E., J. Biol. Chem., 110, 311 (1935). 


2 
| 


728 Maximum Rotations of Carboxylic Acids 


phenylbutyric acid will be given in detail, inasmuch as a higher . 
value of the molecular rotation was attained than is reported by | 
Levene and Marker.‘ The sequence of procedure in the prepara- 
tion of the derivatives of higher molecular weights is indicated in 
Table IT. 

2-Methyl-4-Phenylbutyric Acid (8-Phenethylmethylacetic Acid)— 
This acid was prepared by the malonic synthesis and resolved by 
recrystallizing the cinchonidine salt from acetone as described by 


TABLE III 


Mazimum Molecular Rotations of Carborylic Acids Containing a Phenethyl or a 
Hexahydrophenethyl Group 


H—C—COOH | H—C—CH.COOH | H—-C—CH;CH:COOH | H—-C—CH,CH.CH,COOH 
(CH:)2C.H; (CH:)2C.H; (CH:)2C.Hs (CH2):C.Hs 
V 
+51.2 — 52.69 —6.52 — 14,26 h 
| | 
H—C—COOH | H—-C—-CH:;COOH | H—-C-—-CH:CH,COOH | 
| 
+ 29.87 — 18.89 — 4.98 —6.31 
Levene and Marker.*’ The maximum rotation observed after 
ten to twelve recrystallizations was 
»  —30.10° 
la), i x 1.047 28.75°; [M]5 51.20° (homogeneous) 
1-Phenyl-3-methylpentane (methylethylphenethylmethane) was pre- 
pared by two procedures. (1) 5-Phenyl-3-methylpentanol-1 was . 
treated with an excess of anhydrous liquid hydrogen iodide and ; 
allowed to stand for 1 week under pressure. It was then worked “ 
up in the usual way to remove the excess of hydrogen iodide. = 


Without distillation of the iodide the product was reduced directly 
to the hydrocarbon by shaking it with Raney’s catalyst in methyl 


i 


P. A. Levene and S. A. Harris 729 


alcohol containing a slight excess of 10 per cent sodium hydroxide. 
Under a pressure of 3 atmospheres of hydrogen the reduction was 
completed in 1 hour. The catalyst was removed by centrifuging 
and washed with methyl alcohol. The methyl alcohol solution 
was thoroughly extracted with pentane. The extract was dried 
and evaporated, and the product distilled. B.p. 66-67° at 3 mm. 
or 96° at 13 tol14mm. D 25/4 = 0.8563;5 n> = 1.4860. 


— 4.73° 
lalo = 1X0 856 
4 210 mg. substance: 13.705 mg. CO, and 4.210 mg. H,O 
Cy 2His. Calculated. C 88.8, H 11.2 
162.1 Found. $8.8, 11.2 


= —5.52°; maximum [M];, = —17.72° (homogeneous) 


(2) The hydrocarbon was also prepared by the action of active 
amylmagnesium bromide on benzaldehyde, according to the direc- 
tions of Klages and Sautter! and of Hardin.’ 

25 gm. of active amyl bromide, a = —1.20°, were added drop- 
wise to 5 gm. of magnesium in 100 cc. of anhydrous ether. The so- 
lution was refluxed for 5 minutes. Then 16 gm. (1 mole equivalent) 
of freshly distilled benzaldehyde were added dropwise without cool- 
ing. The carbinol was isolated as usual by hydrolysis and 
extraction with ether. The extract was washed with sodium 
carbonate solution, sodium bisulfite solution, and finally with 
water, and then dried over potassium carbonate. Yield 15 gm. 
B.p. 90° at 1 mm.; D 25/4 = 0.9628; n® = 1.5097. 


ix 0 963 = —2.86°; [M], —5.09° (homogeneous) 


4 040 mg. substance: 12.030 mg. CO, and 3.600 mg. H.O 
C,.H;;0. Calculated. C 80 .6, H 10.1 
178.1 Found. 81.1, 10.0 


= 


This carbinol was sealed in a bomb tube with anhydrous liquid 
hydrogen iodide and allowed to stand overnight in a solid carbon 
dioxide-chloroform bath. It was then allowed to stand for 48 
hours at room temperature. The tube was now cooled and opened 
and the hydrogen iodide allowed to escape slowly. The residue 
was poured onto ice and extracted with pentane, and the extract 
was shaken with potassium iodide solution until nearly colorless. 


5 All densities reported in this paper are corrected in vacuo. 
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Finally, it was shaken with 50 per cent calcium chloride solution 
and dried over anhydrous calcium chloride. 

After removal of the pentane the residue was distilled at 0.8 mm., 
the main fraction boiling at 60°. 


—3.50° 
1 X 0.857 


—4.09°; [M]b = —6.62° (homogeneous) 


lalp = 
The active amyl] bromide used as starting material had a molecu- 
lar rotation of —1.49°. The maximum molecular rotation found 
by Levene and Marker* for the bromide is —7.9°. Hence the 
maximum rotation of this hydrocarbon is 
[M]> = = —35.1° (homogeneous) 
D 25/4 = 0.8569°; np = 1.4862 
3.050 mg. substance: 9.920 mg. CO, and 3.020 mg. H,O 


Cy2His. Calculated. C 88.8, H 11.2 


The identity of these two specimens of hydrocarbon is shown 
by the good agreement of their densities and refractive indices. 
The maximum molecular rotation of this hydrocarbon was used as 
the basis for calculating the maximum molecular rotations of the 
rest of the phenethylmethyl derivatives. The figures in the last 
line of Table I were therefore obtained by multiplying the figures 
in the preceding line by the factor 1.981, which is the relation of the 
rotations of the two samples of 1-pheny]-3-methylpentane obtained 
from the two different sources. 

Active 4-Methyl-6-Phenylhexanoic Acid (Active 4-6-Phenethyl- 
4-Methylbutyric Acid)—This acid was made by two different sets 
of reactions. 

(1) Active 1-phenyl-3-methyl-5-bromopentane, [a]?> = —1.72°, 
was converted into its Grignard reagent in the usual manner. 
This was then cooled with an ice-salt mixture while a slow stream 
of carbon dioxide was passed over the stirred reaction mixture until 
the RMgX compound had been destroyed. The mixture was 
poured onto ice and hydrochloric acid and the organic acid ex- 
tracted with ether. The ether solution was washed with sodium 
carbonate solution from which the organic acid was recovered on 


6 Levene, P. A., and Marker, R. E., J. Biol. Chem., 103, 299 (1933). 
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acidification. It was dried with sodium sulfate and distilled. 
B.p. 152-154° at 1 mm. The yield was 58.5 per cent of the the- 
oretical, based on the amount of bromide used. 

(2) 235 gm. (1.05 moles) of 1-phenyl-3-methyl-4-bromobutane, 
a = —5.62° (obtained from the acetic acid derivative having 
a? = +28.5°), were condensed with 1.0 mole of malonic ester in 
absolute alcohol to which 0.9 mole of sodium had been added. 
After 4 hours refluxing, the solution was neutral to litmus. The 
yield of ester was 222 gm. (0.73 mole), or 81 per cent yield based 
on the amount of sodium used. 

The ester was hydrolyzed by refluxing overnight with 3 moles 
of alcoholic potassium hydroxide. The organic acid was obtained 
on acidification and was crystallized from benzene by adding 
petroleum ether (b.p. 60—70°) until the solution was _ turbid. 
M.p. 96-98°. Yield 152 gm. (0.61 mole) or 83.5 per cent of the 
theoretical. 

This acid decomposed at 180° and the resulting acid was distilled. 
B.p. 162° at 1 mm. Yield 122 gm. (0.595 mole) or 97.5 per cent 
from the malonie acid. D 21.5/4 = 1.018; n® = 1.5066. 


= —1.54° 
D 1 1.018 


—1.51°; maximum [a]?* = —1.51° X 1.056 = 1.60° 


| a 


(based on parent acetic acid) 
(Ml, = —3.29° (homogeneous) (based on parent acetic acid) 
Maximum (M]p = —3.29° K 1.981 = —6.52° (based on hydrocarbon) 
3.715 mg. substance: 10.315 mg. CO, and 2.980 mg. H,O 
Ci3H:sO2. Calculated. C 75.6,H8.8 
206.1 Found. “75.7, 9.0 


Ethyl Ester of 6-Phenyl-4-Methylhexanoic Acid (Ethyl Ester of 
4-B-Phenethyl-4-Methylbutyric Acid)—The ethyl ester of this acid 
was prepared in the usual way with absolute ethyl alcohol, with 
sulfuric acid as a catalyst, a 93.5 per cent yield being obtained. 
B.p. 122°at 2mm. D 25/4 = 0.965; n> = 1.4872. 


—3.39° 


23 
= —3 51°: = —3.51° ‘ = —3.71° 
xe 3.51°; maximum [a], 3.51° K 1.056 3.7 


la], = 


(based on parent acetic acid) 
[M]i. = —8.69° (homogeneous) (based on parent acetic acid) 
Maximum [M]> = —8.69° 1.981 = —17.20° (based on parent acetic acid) 
4 460 mg. substance: 12.560 mg. CO, and 3.800 mg. H,O 
20>. Calculated. C 76.9, H 9.5 
234.1 Found. 76.8, 9.5 
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4-Methyl-6-Phenylhexanol-1 (4-Phenethyl-4-Methylbutanol-1)— 
The above ester was reduced in the usual way by adding it in 
absolute alcohol solution to an emulsion of sodium in toluene. 
Yield 92.5 per cent. B.p. 155° at 10 mm. D 25/4 = 0.9477; 
= 1.5080. 


—4.73° 
= ix 0.9477 = —4.99° (homogeneous) 
Maximum [a], = —4.99° X 1.056 = —5.27° (based on parent acetic acid) 
= °—10.13° (based on parent acetic acid) 
Maximum [M]> = —10.13° X 1.981 = —20.07° (based on hydrocarbon) 
4.791 mg. substance: 14.270 mg. CO, and 4.475 mg. H,O 
C,;3H.,0. Calculated. C 81.1, H 10.5 
192.2 Found. ** 81.2, * 10.5 


&-Methyl-7-Phenylheptanoic Acid (5-B-Phenethyl-5-M ethylvaleric 
Acid)—This acid was prepared by the action of carbon dioxide on 
4-methyl-6-phenylhexylmagnesium bromide, the yield being 73 
per cent. B.p. 172° at2.5mm. D 25/4 = 1.0014; 2 = 1.5039. 


—3.10° 
= 0014 
Maximum [a]> = —3.10° X 1.053 = —3.27° (based on parent acetic acid) 
[M]i = —7.20° (based on parent acetic acid) 
Maximum [M]> = —7.20° X 1.981 = —14 26° (based on hydrocarbon) 
5.250 mg. substance; 14.700 mg. CO, and 4.210 mg. H,O 
CisHeoO2. Caleulated. C 76.3, H 9.2 
220 2 Found. “76.4, “ 9.0 


— 3.10° (homogeneous) 


4-Methyl-6-C yclohexylhexanoic Acid—This acid was prepared 
by reducing the corresponding phenyl derivative in glacial acetic 
acid with hydrogen, with platinum oxide as catalyst. B.p. 180° 
at 10mm. D 23/4 = 0.9528; = 1.4657. 


—0.57° 
= 0 9528 
Maximum [a]p = —0.60° X 1.979 = —1.18° (based on parent acetic acid) 
[M]p = —2.51° (based on parent acetic acid) 
Maximum [M]> = —2.51° X 1.981 = —4.98° (based on hydrocarbon) 
3.950 mg. substance: 10.665 mg. CO, and 4.040 mg. H,O 
CisHaO2. Calculated. C 73.5, H 11.4 
212.2 Found. ** 73.6, “© 11.4 


= —0.60° (homogeneous) 


5-Methyl-7-Cycloherylheptanoic Acid—5-Methyl-7-phenylhep- 
tanoic acid was reduced in glacial acetic acid with platinum oxide 
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as a catalyst. It was isolated by distillation. B.p. 136-140° at 
0.3mm. D 25/4 = 0.9455; n3 = 1.4658. 


—1.27° 

“1 0.9455 

Maximum [a]}, = —1.34° K 1.056 = —1.41° (based on parent acetic acid) 
{(M]> = —3.18° (based on parent acetic acid) 


—1 34° (homogeneous) 


Maximum = —3.18° 1.981 = —6 31° (based on hydrocarbon) 
0.1041 gm. substance required 4.62 cc. 0.1 N NaOH; mol. wt. 225.3 
5.154 mg. = : 14.024 mg. CO, and 5.344 mg. H,O 


Calculated. C 74.3, H 11.6 
226 .2 Found. “74.2, 11.6 


OPTICAL ROTATION OF METHYLOCTYLPHENETHYL- 
METHANE 


By P. A. LEVENE anp STANTON A. HARRIS 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, August 5, 1935) 


In the case of secondary carbinols, the cyclohexyl group 
resembles the isopropyl group in its effect on the direction of 
optical rotation. Thusin the two homologous series, starting with 
methylisopropylearbinol and methyleyclohexylearbinol respec- 
tively, the rotation of the first member is in a direction opposite 
from that of the higher members.! Furthermore, in the series of 


carbinols of the type 
CH; 


| 
(CH2),R 


(where n = O or an integer and R = an isopropyl or cyclohexy!] 
group) both the isopropyl and the cyclohexyl groups have the same 
effect on the direction of rotation as the corresponding propyl and 
hexyl groups. In fact, in the case where n = 2, the isopropyl 
group resembles the normal propyl group even in its quantitative 
effect on the optical rotation, so that the maximum rotation of the 
methylamylisoamylmethane is in the neighborhood of [M]?° = 0.2°.2 
It was therefore desirable to investigate the effect on the rotation 
of the distance from the asymmetric center as of the cyclohexyl 
group compared with the effect of the isopropyl group. With this 
object in view the hexahydrophenethyloctylmethylmethane was 
prepared by the accompanying set of reactions. 


1 Levene, P. A., and Marker, R. E., J. Biol. Chem., 97, 379 (1932). 
*Levene, P. A., and Marker, R. E., J. Biol. Chem., 95, 1 (1932). 
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736 Methyloctylphenethylmethane 
CH; CH; CH; I 


| | 
H—C—CH.:MgBr ++ C.H;;CHO H—C—CH.CHGH, 


(CH2)2C.Hs (CH2)2C.H; (CH2)2C.H; 
[M]p = —21.4° (Bromide) —29.7° ? 
CH; CH; 
(Raney’s | 
catalyst) H—-C—C;Hw +3H:2 (Adams! catalyst) H—-C—C,Hi 
(CH:2)2C;Hs 
—12.6° —5.3° 


The rotation of the intermediates of the final hydrocarbon are 
given in Table I. From these results it may be seen that the 
cyclohexyl group furnishes a much higher partial rotation than 
does the isopropyl group. 


EXPERIMENTAL? 


1-Phenyl-3-M ethylundecanol-5 
CH; OH 


The Grignard reagent was made from 37 gm. (0.163 mole) of 
phenethylmethylethyl bromide (1-bromo-2-methyl-4-phenylbu- 
tane) having a specific rotation of —2.41°. Heptaldehyde was 
added in ether solution until the RMgX had disappeared as shown 
by the color test. This required 15 gm. (0.132 mole) of heptalde- 
hyde. The carbinol was obtained by the usual procedure. The 
yield was 27 gm. or 78 per cent of the theoretical, based on the 
amount of aldehyde used. B.p. 182—184° at 5 mm. pressure. 
D 20/4 = 0.9134 (in vacuo); n> = 1.4952. 

20 —2.64° 


= 1X 0.913 = —2.89° (homogeneous) 


3 The preparation of starting materials and the derivation of the maxi- 
mum rotations given in Table I are published in the preceding paper by 
the same authors. 
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The maximum and molecular rotations are given in Table I. 


3.400 mg. substance: 10.280 mg. CO2 and 3.500 mg. H,O 
| CisHyO. Calculated, C 82.4, H 11.5; found, C 82.3, H 11.5 


Phenethylmethyloctylmethane (1-Phenyl-3-M ethylundecane) 
CH; 


| 
CoHsCH2C H2CHCSH 


The carbinol was converted to the iodide by allowing it to stand 
for 2 days under pressure with pure hydrogen iodide. The iodide 


TABLE I 
Maximum Rotation of Derivatives Leading to 
Methylhexahydrophenethylmethane 


Maxi M] b 
degrees degrees 
CH; OH 
| | 
Hi; —2.64 —29 68 
H 
CH; 
| 
sH;7 —1.12 —12.59 
CH; 
—0.44 —5.27 


was washed with water and extracted with ether in the usual way. 
Distillation of the iodide was attempted, but there was too much 
decomposition, so it was reduced directly with Raney’s catalyst. 
The iodide was dissolved in petroleum ether, b.p. 30-40°, and added 
to methyl alcohol containing an excess of 10 per cent sodium 
hydroxide. The non-homogeneous mixture (total volume about 
50 cc.) was shaken in the presence of hydrogen at atmospheric 
pressure with a large excess of Raney’s catalyst. The reduction 
proceeded smoothly until the required amount of hydrogen had 
been absorbed (2 to 3 hours). The catalyst was removed and 
washed by centrifuging. The methyl alcohol solution was ex- 


738 Methyloctylphenethylmethane 


tracted with pentane. The solution was washed with water and 

then with 30 per cent alkali, dried over calcium chloride, and 

distilled. B.p. 143-145° at 2mm. pressure. D 23.5/4 = 0.8590 

(in vacuo); ni? = 1.4852. 
—1.12° 

1 X 0.859 


la]p —1.31° (homogeneous) 


3.700 mg. substance: 11.885 mg. CO2 and 4.120 mg. HO 
CisHso. Calculated, C 87.7, H 12.3; found, C 87.6, H 12.5 
CH; 


1-Cycloheryl-3-Methylundecane 


This compound was prepared by hydrogenation of the preceding 
phenyl derivative in an acetic acid-ethyl acetate solution, Adams’ 
platinum oxide catalyst being used. B.p. 147° at 3 mm. pressure. 
D 20/4 = 0.8260 (in vacuo); ni*° = 1.4553. 


—0.44° 
1 X 0.826 


lalp = = —(.53° (homogeneous) 


2.960 mg. substance: 9.300 mg. CO, and 3.795 mg. H,0 
CisHs.. Calculated, C 85.6, H 14.4; found, C 85.7, H 14.3 


OPTICAL ROTATION OF CONFIGURATIONALLY 
RELATED ALDEHYDES 


By P. A. LEVENE ann ALEXANDRE ROTHEN 
WITH THE ASSISTANCE OF MARTIN KUNA 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, August 8, 1935) 


Two events were observed in the series of carboxylic acids of the 
general type 


R 


(R = normal alkyl or (CH2),»CeHs; m and n = 0 or an integer). 
First, the sign of the partial rotation of the COOH group in the 
purely aliphatic and probably also in the phenyl acids changed 
when n passed from 0 to 1, the sign remaining constant with 
further increase in the value of n. Second, there was observed a 
periodicity in the maximum values of the optical rotations in the 
visible spectrum with the consecutive increase in the values of n. 

The nearest anisotropic absorption band of these substances 
was located comparatively far in the ultra-violet region. It was 
therefore of interest to study the effect of the distance from the 
asymmetric center of a chromophoric group with an absorption 


band in the nearer ultra-violet region. The aldehydes were 
O 

chosen, inasmuch as the first absorption band of —C 4 is in 
H 

the neighborhood of \ 2900. It may be mentioned here that 

in the acids containing a phenyl group anisotropy could not be 

detected in the nearest absorption region of the phenyl group 
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(A 2700 to 2500). The N3; group in organic azides and the iodine 
atom in organic iodides have likewise absorption bands in the near 
ultra-violet region; N; about \ 2880, and iodine about A 2600. 
The group of azides has, however, the disadvantage that the 
substances in which n = 0 and 1 are correlated only on theoretical 
considerations. In the case of iodides of the same general type, the 
substances in which n = 0 and 1 cannot be correlated either by 
direct chemical means or by any rigorous theoretical method. 
Four aldehydes of the type 


CH; O 
| 
oo (n = 0 to 3) 


were prepared. In Table I their maximum rotations are compared 
with those of the carboxylic acids, azides, and iodides of the same 
general type. 

From Table I it a 4 be seen that in the aldehydes the partial 


rotation of the —C ¢ group (due to the band \ 2900) changes its 
H 


sign when n passes from 0 to 1. The direction of this partial rota- 
tion remains constant in substances in which n = 2 and 3, since 
their dextrorotation is due to the high value of the partial contribu- 
tion of the rest of the molecule, and not to the contribution of the 


first band of —C 4 which is levorotatory. The fact, however, 


H 
that the third member is dextrorotatory shows that there is an 
unmistakable periodicity in the rotatory values of the first three 
members. There is a probability that the true maximum rotation 
of the fourth member is smaller than that of the third, the reason 
being that the starting material for the synthesis of the aldehydes 
was the fermentation amyl alcohol. In this as well as in the 
bromide derived from it the true proportion of the optically active 
substances and of the isoamyl] derivatives can easily be calculated. 
It is, however, not certain that the proportion remains the same in 
the aldehydes. It may be mentioned that the rotation of a syn- 
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thetic active amyl bromide in isoamy] bromide was found to differ 
but slightly from that of the homogeneous bromide. 

The importance of the observations on the aldehydes lies in the 
fact that because of the proximity of the first absorption band in 
the ultra-violet region the analysis of their rotatory dispersion 
curves can be made with greater rigor than that of the carboxylic 
acids. The fact that the events in the aldehydes are similar to 
those in the acids adds credence to the assumption made in regard 
to the configurational relationships of the primary with the second- 
ary azides and also suggests the possibility that the partial rotation 
of the iodine atom in substances of the type 


CH; 
R 


in which n = 0, is of opposite sign from that of the iodine atom of 
substances in which n = an integer. 

Synthesis of the Aldehydes—2-Methylbutanal-1 was prepared 
according to the procedure of Felix Ehrlich as described by 
Levene.! 

The higher aldehydes were prepared by the method of Tschit- 
schibabin.2, However, in order to obtain satisfactory yields a 
special procedure was followed: The neutral freshly distilled 
orthoformic ester was brought to a boil in a three-neck flask pro- 
vided with a mechanical stirrer, condenser, and dropping funnel. 
To the hot ester the Grignard reagent was added at a slow rate in 
order to maintain gentle refluxing. The reaction product was 
allowed to stand at room temperature overnight and the further 
treatment was the conventional one. 

Table II gives an account of the intermediate steps leading to the 
higher aldehydes. 


EXPERIMENTAL 
Methylethylacetaldehyde (2-Methylbutanal-1)—The aldehyde was 
prepared from Kahlbaum’s amyl alcohol (a = —1.1°) according 


1 Levene, P. A., J. Biol. Chem., 110, 323 (1935). 
? Tschitschibabin, A. E., Ber. chem. Ges., 37, 186 (1904). 
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to Ehrlich, as described by Levene.! B.p. 90-92°, p = atmos- 


pheric. 
= = +11.1°; [M]> = +9.54° (heptane) 
Maximum [a]p = +23.56°;* [M]> = +20.3° (homogeneous) (approximate) 
4.870 mg. substance: 12.440 mg. CO, and 5.100 mg. H.O 
C;H,,0. Calculated. C 69.70, H 11.71 
86.1 Found. 69.65, 11.71 


In order to determine the rotation of active amyl bromide, in a 
solution of isoamyl bromide, 0.9890 gm. of active amyl bromide, 
—1.75° 


= ix = —1.44° (homogeneous) 


was made up to 2.5 ec. with isoamyl bromide, 


—0.53° 100 
la]p = = —1.340 


1 X 39.6 


The difference of the two rotations is within the limits of experi- 
mental error. 

Methylethylpropionaldehyde (3-Methylpentanal-1)—34 gm. of 
active amyl bromide, [M]® = +2.24° (homogeneous), were 
dropped into 10 gm. of magnesium turnings in 85 cc. of dry ether. 
The reaction product was refluxed for 10 minutes and filtered 
through a Schott No. G-1 glass filter. The filtrate was slowly 
dropped into 100 gm. of boiling ethyl orthoformate with stirring. 
The solution was refluxed an additional hour and then let stand 
overnight. The next day it was poured into ice and ammonium 
chloride solution and extracted with ether. The extract was 
washed with ammonium chloride solution and the ether removed 
by distillation. The residue was hydrolyzed with 50 ce. of 5 N 
sulfuric acid for 45 minutes. The product of hydrolysis was 
poured onto ice and extracted with ether. The ether extract was 
shaken overnight with a saturated solution of sodium bisulfite. 
The crystalline bisulfite compound was filtered off, exhaustively 
washed with ether, and steam-distilled from 20 per cent potassium 
carbonate. The distillate was extracted with ether, and the 
extract was washed with concentrated calcium chloride solution 


* Ehrlich, F., Ber. chem. Ges., 40, 2538 (1907). 
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and dried over sodium sulfate. The aldehyde was distilled 
B.p. 122°, p = atmospheric. D 25/4 = 0.8010 (in vacuo); n? = 
1.4001. 
The rotation was 
in — = —2.46°; [M]® = —2.46° (heptane) 
Maximum [MJ], = —8.7° (heptane) 
4.120 mg. substance: 10.890 mg. CO, and 4.410 mg. H.O 
C.sH;.0. Calculated. C 71.93, H 12.09 
100.1 Found. ** 72.08, ‘* 11.97 


[a]; = 


Methylethylbutyraldehyde (4-Methylhexanal-1)—60 gm. of meth- 
ylethylpropyl bromide, [M]® = +6.35° (homogeneous), were 
dropped into 12 gm. of magnesium in 150 cc. of dry ether. This 
bromide was derived from Kahlbaum’s amyl alcohol through the 
usual intermediates whose rotations were as follows: 


alcohol, a} = —1.55° amyl bromide, a, = +0.90° methyl- 
ethylpropanol, ap = +1.40° — methylethylpropyl bromide, a, = +4.50°; 
= +6.35° (homogeneous). 


The reaction product was heated 10 minutes, filtered through a 
No. G-1 funnel, then slowly dropped into 200 gm. of boiling ethyl 
orthoformate, refluxed for 1 hour, and let stand overnight. The 
aldehyde was isolated in the manner described for the methyl- 
ethylpropionaldehyde. B.p. 144°, p = atmospheric. Yield 6.5 
gm. D 25/4 = 0.8132 (in vacuo); n? = 1.4081. 


= +1.73°; [MJ® = +1.97° (heptane) 
Maximum [M]> = +12.0° (heptane) 
4.010 mg. substance: 10.800 mg. CO: and 4.430 mg. H,O 
C;H,,O. Calculated. C 73.61, H 12.37 
114.1 Found. ‘* 73.44, “* 12.36 


Methylethylvaleraldehyde (5-Methylheptanal-1)—79 gm. of meth- 
ylethylbutyl bromide, a = +2.60° (homogeneous), were added 
to 20 gm. of magnesium turnings in 200 cc. of dry ether. This 
bromide was derived from the methylethylpropyl bromide de- 
scribed above. The rotations of the intermediates were as follows: 


Methylethylpropy! bromide, a, = +4.50° — methylethylbutanol, ap = 
+1.56° — methylethylbutyl bromide, a, = +2.60°; [M|> = +4.35° (ho- 
mogeneous). 
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After all the bromide was added, the solution was refluxed for 10 
minutes and filtered through a Schott No. G-1 glass filter. The 
filtrate was then added dropwise to 225 gm. of boiling ethyl 
orthoformate with stirring. The solution was refluxed for 1 hour 
and then let stand overnight at room temperature. The aldehyde 
was isolated through its bisulfite compound, as described for the 
other aldehydes. B.p.72°,p = 25mm. Yield 18gm. D25/4 = 
0.8164 (in vacuo); n® = 1.4144. 
The rotation of the substance was 

 +1.58° X 100 
= = [Mia = +2.56 


Maximum [M]> = +12.9° (heptane) 

3.885 mg. substance: 10.660 mg. CO; and 4.370 mg. H:O 
C,H;,0. Calculated. C 74.92, H 12.59 
128.1 Found. 74.77, 12.58 


THE OXIDATION OF dl-c-HYDROXYSTEARIC ACID AND 
ITS SIGNIFICANCE AS REGARDS THE STRUCTURE 
OF CEREBRONIC ACID 


A REPLY TO THE PAPER OF LEVENE AND YANG* 


By E. KLENK anp F. DITT 


(From the Institute of Physiological Chemistry, University of Tvibingen, 
T tibingen, Germany) 


(Received for publication, May 15, 1935) 


According to Levene and Yang the only product of the oxidation 
of dl-a-hydroxystearic acid with potassium permanganate in an 
acetone solution is margaric acid. The product of oxidation, they 
say, contains none of the lower homologues. We have tested 
their results, but cannot confirm them. 

The oxidation was carried out with 130 gm. of the pure acid, 
m. p. 91-92°.! 


CisH3sO;3. Calculated. C 71.98, H 12.03, equivalent wt. 300.4 
Found. “71.9, 11.9, 299.0 


The oxidation yielded 93 gm. of the raw product of oxidation 
(m. p. 54-56°; m. p. of margaric acid 60-61°; equivalent weight, 
C\7H34O2, calculated 270.3, found 265). On fractionating the 
methyl esters in the Jantzen and Tiedcke apparatus (1), an appa- 
ratus that gives most accurate results, the lowest boiling fraction 
found was 5.8 gm. of a mixture of esters, liquid at room tempera- 
ture (m. p. of the methyl ester of margaric acid, 29°). The free 
acid, separated from this mixture, had a melting point of 40—42° 
and an equivalent weight of 230. There can be no doubt that the 
mixture contained lower homologues of margarie acid. A close 


* Levene, P. A., and Yang, P.S., J. Biol. Chem., 102, 557 (1933); see also 
Klenk, E., J. Biol. Chem., 106, 467 (1934). 

1 Le Soeur, 91-92°; Ponzio, 93° (cf. Beilstein). Levene and Yang oxi- 
dized a product with a melting point of 84-86°. 
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estimate based on the various fractions shows that these lower 
homologues formed more than 20 per cent of the oxidation product. 

In other words, a-hydroxystearic acid reacts in every way 
analogous to cerebronic acid (which, according to our previous 
results (2), should be a-hydroxy-n-tetracosanic acid) on being 
oxidized with potassium permanganate. In both cases not only 
the acid anticipated as the main product of oxidation is formed, 
but also its lower homologues. Accordingly all conclusions drawn 
by Levene and Yang (3) regarding the nature of cerebronic acid,” 
and based on their present erroneous results, are unfounded. 
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2 According to which cerebronic acid would be a mixture of different 
hydroxy acids. 
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THE OXIDATION OF dl-a-HYDROXYSTEARIC ACID AND 
ITS SIGNIFICANCE AS REGARDS THE STRUCTURE 
OF CEREBRONIC ACID 


A REPLY TO THE PAPER OF KLENK AND DitTtT* 


By P. A. LEVENE anp P. S. YANG 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, May 31, 1935) 


After reading the preceding article by Klenk and Ditt we realize 
that the conclusion of the work of Levene and Yang was worded 
in a way permitting misunderstanding. It should have been 
stated, as in the article by Levene and West,' that on oxidation of 
a-hydroxystearic acid as well as of a synthetic a-hydroxytetraco- 
sanic acid, under our conditions of oxidation and working on small 
quantities of material only, the next lower acid was obtained in a 
state approaching purity in a yield of over 80 per cent of the total 
oxidation products. That a small proportion of lower acids was 
present in the oxidation products is evident from the fact that the 
average molecular weight of the smaller fraction was given as 261, 
whereas the larger fraction (80 per cent of the total) had an average 
molecular weight of 269 (theory for Cy;7H34O2, 270). 

We wish, however, to emphasize that the work on oxidation of 
a-hydroxystearic acid was undertaken by us as a control for the 
work on cerebronic acid. In our hands the two acids did not 
behave identically. An impartial reader will have to conclude 
that also in the hands of Klenk and his coworkers the acids be- 
haved differently. The differences have been pointed out in 
previous articles and need not be repeated. 


* Klenk, E., and Ditt, F., J. Biol. Chem., 111, 749 (1935). 
1 Levene, P. A., and West, C. J., J. Biol. Chem., 16, 475 (1913-14). 
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BLOOD CHEMISTRY OF SWINE 


II. FORTHER STUDIES OF BLOOD CHANGES FOLLOWING THE 
INGESTION OF GLUCOSE 


By DONALD F. EVELETH ann MARGARET W. EVELETH 
(From the Veterinary Research Institute, lowa State College, Ames) 


(Received for publication, July 15, 1935) 


In a previous communication (1) it has been shown that there are 
changes in certain of the non-protein nitrogen constituents and 
inorganic phosphate of the blood of swine following the feeding of 
glucose. The diagnosis of some of the mineral deficiency diseases 
is based on the determination of phosphorus, calcium, and mag- 
nesium in the blood serum. While a great deal of material is 
available concerning the inorganic constituents of the blood of most 
species, relatively little work has been done on swine. As a part 
of the investigation of the various constituents of swine blood, the 
relationship of glucose ingestion to changes in composition of the 
serum has been studied. 

Greenberg, Lucia, Mackey, and Tufts (2) state that in normal 
individuals the ingestion of food has little or no effect on the 
magnesium concentration of human blood or serum. Franke (3) 
has shown that magnesium is associated with the glycogenic action 
of the liver. The relationship of glucose concentration to inor- 
ganic phosphate has been shown by different workers. That 
glucose concentration in the blood may influence the calcium 
concentration or utilization seems indicated by certain investiga- 
tions in the control of tetany following the removal of the para- 
thyroid glands (4). Suzuki (5) has shown that the intravenous 
injection of glucose solution causes a rapid rise in the concentration 
of oxalic acid in the blood of rabbits. The following experiments 
were conducted in an attempt to determine whether the ingestion 
of a relatively large amount of glucose would materially change the 
concentration of inorganic phosphate, calcium, magnesium, and 
oxalic acid in the serum of normal swine. 
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EXPERIMENTAL 


The technique of handling the pigs was essentially the same as 
previously described (1). No anticoagulant was used, as all of the 
analyses were made on serum. The pigs weighed about 80 pounds 
each and the doses of glucose were arbitrarily chosen. Sugar was 
determined by Benedict’s (6) method, inorganic phosphate by a 
slight modification of Fiske and Subbarow’s (7) method, calcium 
by permanganate titration after precipitation and washing the 
calcium oxalate, as described by Van Slyke and Sendroy (8), 
magnesium by the method of Greenberg and Mackey (9), and 
oxalic acid by the method of Merz and Maugeri (10). 

The results of five typical experiments with each pig serving as 
its own control are given in Table I. These data are similar to 
other results which have been obtained when only one or two of the 
various constituents have been determined. The amount of 
blood needed for these analyses is large and it was not desirable to 
continue the experiments too long owing to changes that might be 
caused by blood depletion. 


DISCUSSION 


The contro] data indicate that following the ingestion of water 
in the pig there is a decrease in the serum sugar, inorganic phos- 
phate, calcium, magnesium, and oxalic acid. The experimental 
data show that the magnesium and oxalic acid both rise to a peak 
that is definitely higher than the normal fasting level. The 
rate of response differs with individuals and other observations 
have shown that the rate of response varies from time to time with 
the same individual. The inorganic phosphate in the serum 
decreases, as has been shown to be the case with whole blood (1). 
Serum calcium is lowered slightly more than the controls, and in 
most experiments which have been carried out for longer periods 
it later reaches a definitely higher value than the fasting level. 
The response of magnesium and calcium following the ingestion of 
glucose is in some respects similar to the results obtained by 
Greenberg and Mackey (11) in their investigation of the effect of 
injecting parathyroid extract in dogs. 

That the oxalic acid may be a decomposition product of dis- 
integrating sugar seems likely. The relationship of magnesium 
to glycogen formation or to sugar utilization is not clear, but the 
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marked increase in serum magnesium after the feeding of the 
glucose definitely points to some function of the magnesium. 

The high fasting level of the blood serum sugars encountered in 
Pigs 8704 and 8716 during the experimental periods are unex- 
plainable. It is interesting to note in Pig 8704 that the sugar rose 
to very high levels with small changes in magnesium. ‘The erratic 
sugar curves frequently encountered in apparently normal swine 
during glucose tolerance tests indicated that pathologic conditions 
of the pancreas might be present. Several pigs were sacrificed 
and histologic examinations of the pancreases were made with 
negative findings.! 


SUMMARY 


The feeding of glucose to fasting swine increases the serum 
magnesium and oxalic acid, with a decrease in the inorganic 
phosphate and calcium. 
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TYROSINASE ACTION ON MONO- AND DIHYDRIC 
SUBSTRATES 


By MARK GRAUBARD anp J. M. NELSON 
(From the Department of Chemistry, Columbia University, New York) 


(Received for publication, August 2, 1935) 


The possibility of using the melanin reaction as an indicator of 
the nature of the action of a gene (2) and the wide use of the so 
called Dopa reaction in clinical fields necessitate a thorough 
understanding of the mechanism of the tyrosinase action. In 
the absence of such knowledge most genetic and clinical efforts 
dealing with pigmentation are doomed to failure. While many 
of the intermediate compounds formed in the tyrosine-tyrosinase 
reaction have been isolated and studied by Raper (7), the nature 
of the enzyme and its properties have as yet received little 
attention. 

The first question that presents itself in the consideration of the 
nature of tyrosinase is whether the enzyme consists of only one or 
more components. No doubt it performs two distinct operations. 
When the substrate is a monohydric phenol such as p-cresol, 
phenol, tyrosine, or tyramine, an atom of oxygen is introduced to 
the carbon atom ortho to the hydroxyl group. This action 
produces the dihydroxy compound which is further acted upon by 
the enzyme in such a manner as to have the 2 hydrogen atoms 
removed from the two hydroxyl groups and an o-quinone produced. 

The question whether tyrosinase is one or two enzymes is not a 
new one and already several answers have been offered to it (3, 4). 
It must, however, be admitted that no thorough analytical investi- 
gation of this particular aspect of tyrosinase action has as yet been 
undertaken. Whatever view one holds is simply an opinion based 
on general indications rather than a conclusion based on the 
results of planned tests. 

It is the object of our work to attack this very problem from as 
many aspects as possible. It seemed most reasonable to investi- 
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gate first the relation between pH and enzyme activity upon 
p-cresol as a monohydric substrate and catechol as a dihydric 
substrate. Different enzyme preparations were used in order to 
bring out any possible differential behavior. It was hoped that 
if the enzyme really consisted of more than one component some 
differential action must become apparent when the enzyme is 
subjected to several treatments of a differing nature. 

All enzyme preparations were obtained from potatoes. The 
following modes of preparing experimental enzyme solutions were 
employed. 

Plain Juice—Potatoes were washed and grated unpealed, the 
dough pressed through cheese-cloth, and the juice collected and 
allowed to stand for a few minutes. After the starch separated 
out, the liquid was filtered through a thin layer of infusorial earth. 
The red solution obtained was then diluted by an equal volume of 
water. Its pH was as arule around 6.10. 

Dialyzed Enzyme Preparation—Grated potato dough was placed 
in a press, and the Juice extracted and allowed to stand for several 
minutes to let the starch settle to the bottom. The liquid was 
cooled to — 10° and then added to twice its volume of alcohol, also 
brought previously to —10°. The resulting mixture was imme- 
diately stirred and filtered through infusorial earth. The filtrate 
was discarded and the infusorial earth with the residue was placed 
in a volume of distilled water equal to the original volume of juice 
and 1 gm. of secondary sodium phosphate per 100 cc. was added. 
The mixture was stirred for 1 hour and filtered. The filtrate was a 
clear brownish solution. This will be referred to as the undialyzed 
enzyme. This preparation was then dialyzed for 48 hours against 
distilled water in a large bottle kept in an ice box. The water was 
changed twice a day. 

Alumina Preparation—The dialyzed enzyme preparation was 
treated with one-third its volume of aluminum hydroxide suspen- 
sion. The solution became acid by this addition and usually 
showed a pH around 6.0. The grayish suspension obtained was 
filtered and the filtrate was found as a rule to contain no enzyme 
whatever. The precipitate was then placed in a quantity of water 
equal to one-half the original volume of the enzyme preparation 
and eluted at pH 8, obtained by adding 1 gm. of secondary sodium 
phosphate per 100 cc. of water added. After being stirred for 1 
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hour the solution was filtered. The filtrate was then dialyzed for 
48 hours against distilled water in the ice box. 

Kaolin Preparation—The alumina preparation was subjected to 
further adsorption and elution by kaolin. A quantity of kaolin 
amounting to 5 gm. per 100 cc. of enzyme solution to be used was 
suspended in a volume of water equal to the volume of enzyme 
preparation. The enzyme solution was then added to the kaolin 
suspension and the mixture acidified to a pH slightly below 4.0 
by means of acetic acid. The solution was filtered and the precipi- 
tate suspended in a volume of water equal to the original volume 
of enzyme. Elution was brought about by stirring for 1 hour 
subsequent to addition of 1 gm. of secondary sodium phosphate 
per 100 cc. of solution. This solution was then filtered and the 
filtrate dialyzed against distilled water in a large bottle kept in the 
ice box. 

The enzyme was subjected to all of these different treatments in 
order to obtain, if possible, a preparation that would react with 
monohydric phenols and convert them into dihydric phenols by 
addition of oxygen but would not have the power to carry out 
the second step, namely the dehydrogenation to form an o-quinone. 
The complimentary enzyme to that could also be expected ; namely, 
a preparation that would convert catechol into the o-quinone but 
would be powerless to react with monohydric substrates. 

Enzyme activity was determined by the rate of oxygen uptake 
in Warburg manometers (2). All experiments were conducted at 
25.0°. The experimental solutions contained 4 cc. of 0.1 per cent 
p-czesol (4 mg.), 1 ec. of water, 2 cc. of buffer mixture (0.1 M citric 
acid + 0.2 m secondary phosphate), and 1 cc. of the respective 
enzyme preparations. 0.5 cc. of 10 per cent potassium hydroxide 
was added to the inner chamber to absorb carbon dioxide, although 
none is actually produced in the reaction. The pH of the solution 
was measured by means of the hydrogen electrode.' The activities 
of most enzyme preparations remained constant (they were tested 


1 The pH within the range examined of all solutions remained constant 
during the course of an experiment. Two sets of solutions were made up 
with different buffers as follows: 4 mg. of p-cresol (4 cc.), 2 cc. of buffer, 
1 cc. of HO, 1 cc. of alumina E preparation; 4 mg. of catechol (4 cc.), 
2 cc. of buffer, 1 ec. of HO, 1 cc. of alumina E preparation. The pH was 
determined at the beginning before any color set in. The values are 
given here as the first set of readings. A second identical set was tested 
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over a period of several months) except for some that seem to die 
on standing. All preparations were kept with toluene at ice box 
temperature. Before an experiment the toluene was removed by 
evacuation. 

Solutions were mixed at room temperatures, the time noted, 
and the vessels were placed in a bath, the stop-cocks were closed 
after 3 minutes, and the zero reading taken after 5 minutes, so 
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Fic. 1. Curves showing the course of the p-cresol-tyrosinase reaction 
at different pH values. The enzyme employed was a dialyzed alcohol 
preparation. 


that all measurements began 10 minutes after solutions were 
mixed. Figs. 1 and 2 illustrate the nature of the curves obtained. 


after 7 hours standing, full color having been developed. These results 
are represented by the second readings. 


p-Cresol Catechol resol Catechol -Cresol 

Buffer 1 Buffer 1 uffer 2 Buffer 2 uffer 3 
4.15 3.93 5.41 5.43 6.20 
3.90 3.98 5 .34 5.40 6.20 


With another enzyme preparation an experiment was set up in a large 
vessel and samples withdrawn at different times. At the beginning the 
pH was 6.87; after 30 minutes, 6.85; after 3 hours, 6.90. 


— 
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For our purposes the characteristic of a given enzyme preparation 
would be its pH-activity curves with p-cresol as a monohydric 
substrate and catechol a dihydric substrate. These curves were 
obtained by arbitrarily taking as an indicator of velocity the recip- 
rocal of the time necessary for an uptake of 500 c.mm. of oxygen. 
Though arbitrary, this point was chosen because it lies almost 
midway in the curve (the total, usual uptake of the solutions 
employed were about 1100 to 1300 c.mm. of oxygen) and on a 
significant part of its slope. It was found more expedient than 
slopes. 

Values in the pH-activity curves are plotted on a percentage 
basis. The reciprocal of the time for an uptake of 500 c.mm. of 
oxygen is equivalent to the velocity of the respective system. The 
highest velocity of a family of reactions, as represented by the 
curves in Fig. 1 (differently buffered but with a common enzyme), 
was then taken as 100 per cent and the other velocities were ex- 
pressed on a percentage basis in relation to it. These are plotted 
against pH. 

The results obtained for p-cresol are shown in Fig. 3. There 
seems to be a narrowing of the activity curve of the enzyme in 
relation to pH with purification either through alcohol precipita- 
tion alone or further purification by means of alumina or kaolin 
adsorption. This effect may be due to a protective influence by 
the proteins present in the cruder preparations. The shifting of 
the optimum zone towards the acid side in the case of the more 
highly purified preparations may be more apparent than real, since 
this is difficult to establish for the interesting reason demonstrated 
in Fig. 2 (curve for pH 9.30). On the alkaline side of the optimum 
there appears at times an induction period which sometimes lasts 
as long as 10 hours, during which period nothing happens so far 
as oxygen uptake is concerned. At a certain moment, however, 
the reaction begins, color changes set in, and oxygen uptake takes 
place. As shown in Fig. 2, it occurs at a rate that differs little 
from that of reaction systems having no induction period of 
importance. Further on in this paper it will be seen that the 
existence of this relatively long induction period is also apparent 
in systems containing as reactants p-cresol and aniline. This 
period during which no apparent action seems to take place is not 
due entirely to pH. It appears irregularly beginning with pH 6.90 
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Fic. 2. Curves showing the p-cresol-enzyme reaction with an induction 
period at pH 9.30 which occurs occasionally and irregularly. 
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Fic. 3. pH-activity curves for different preparations of potato tyro- 
sinase with p-cresol as the substrate. 
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and differs in duration. As yet no explanation of its meaning 
can be offered. 

All of the enzyme preparations mentioned above were allowed 
to act with catechol. The nature of the catechol reaction was 
found to be different from that of p-cresol. In the case of p-cresol 
the maximum oxygen uptake was the same at most pH values, 
except at the extreme acid and alkaline ones, where gradual 
inactivation of the enzyme seems to take place. Not so with 
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Fic. 4. Curves showing the nature of the catechol-enzyme system where 
total oxygen uptake is proportional to pH and to the amount of enzyme 
added. Note the rapid inactivation of the nae. Two p-cresol curves 
are given for comparison, 


catechol. The reaction for the latter was rapid at first and then 
stopped after a relatively short time. 

Fig. 4 illustrates that the enzyme is inactivated in the course of 
the reaction. In this respect also, the catechol system differs 
from the p-cresol reaction. At pH values, where the enzyme is 
active, when the p-cresol reaction is allowed to go to completion 
and subsequently more substrate is added, a new uptake of oxygen 
takes place, showing that no more free substrate exists in solution 
and that the enzyme has not become inactivated. Addition of 
enzyme instead of substrate brings about no renewed oxygen con- 
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sumption. With catechol the case is reversed. It can be seen 
that the total oxygen uptake of the catechol-enzyme system is 
determined by pH and by the amount of enzyme present. In fact, 
at any given pH the total oxygen consumed was directly propor- 
tional to the amount of enzyme added within the limits permitted 
by the quantity of substrate. This can be seen in Fig. 4, where 
for comparison two p-cresol curves are also given. 
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Fic. 5. Curves showing the course of the p-cresol-tyrosinase reaction at 
different pH values, when aniline is present in the reaction system. Com- 
pare with Fig. 1. Note the induction period at pH 6.90 of 215 minutes 
duration. 


All catechol solutions at pH 7.8 and higher will take up oxygen of 
their own accord in the absence of enzyme. The more the pH 
approaches strong alkalinity the faster the rate of uptake. This 
constitutes a great limitation on all work with catechol. For the 
sake of safety it is best not to go above pH 7.0 or so. 

In all cases, whenever an enzyme preparation reacted with p- 
cresol in the usual manner, it also reacted with catechol in the 
way described above. 

Pugh and Raper (6) demonstrated that o-quinone is formed 
in the p-cresol and catechol reactions. They added aniline and 
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obtained the dianilinoquinone complex. For comparative reason 
all of the previously described pH experiments were performed with 
the addition of 1 cc. of 1 per cent aniline (10 mg.) to each experi- 
mental vessel in place of the 1 cc. of H,O. The course of the reac- 
tion is shown by the curves in Fig. 5. The pH-activity relations 
are shown in Fig. 6. The aniline curves, as can be seen, invariably 
shift the maximum toward the acid side. In all experiments 
performed the optimum for the enzyme-p-cresol-aniline system 
was more acid than that for the enzyme-p-cresol system. 
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Fic. 6. pH-activity curves for different preparations of potato tyrosinase 
in the presence of aniline with p-cresol as the substrate. 


Aniline-catechol-enzyme systems behave in the same manner as 
the catechol-enzyme reactions (Fig. 4). The initial velocities are 
slightly slower than without aniline and the inactivation of the 
enzyme is less rapid. The curves shown in Fig. 4 demonstrate, 
however, that under these conditions, the same properties hold 
for the enzyme-catechol system without as with the addition of 
aniline. 

It should also be noted that the shapes of the aniline-p-cresol- 
enzyme curves are definitely different from the autocatalytic 
p-cresol-enzyme curves without aniline. 

To test the existence of one or more enzymes in tyrosinase the 
following was also tried. .The catechol-enzyme reaction was 
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allowed to go to completion until no more oxygen uptake was 
detected. At this point, the enzyme is apparently inactivated so 
far as catechol goes. If, to this solution, p-cresol is then added, 
no further oxygen uptake takes place, indicating that the p-cresol- 
enzyme was also inactivated. On the other hand, when catechol 
is added to a p-cresol solution which had been allowed to go to 
completion, oxygen uptake does take place. Renewed oxygen 
consumption also occurs when more p-cresol is added. These two 
observations show that, as pointed out before, enzyme acting with 
p-cresol does not get inactivated and that as long as it can act on 
p-cresol it can also act on catechol. 

It should be noted here that the peroxidase test with p-phenyl- 
enediamine and guaiacum was positive when tested with all 
enzyme preparations used. By the method of Szent-Gyorgyi (10) 
it is possible to obtain preparations free from peroxidase, but its 
presence or absence seems to have no effect on the reaction. 

The oxygen uptake of all p-cresol solutions indicates that 1 
molecule of p-cresol uses exactly 3 atoms of oxygen, since 4 mg. of 
p-cresol present in all experimental vessels absorb around 1200 
c.mm. of oxygen. This is in full agreement with the results of 
Robinson and McCance (9) and Pugh and Raper (6). 

The reaction taking place with p-cresol is represented as follows 
by Onslow and Robinson (4). 


CH; CH; 
(1) + O: + H,0 = + H:0: 
OH 
OH OH 
CH; CH; 
(2) 2 + O.: = 2 + 2H,0 
H O 
OH O 


Since 3 atoms of oxygen are used per molecule of p-cresol, it must 
be concluded that either the H.O2 produced as indicated in Equa- 
tion 1 is not used up in the reaction or that the mechanism repre- 
sented above is not correct. Clearly, it does not explain the con- 
sumption of 3 atoms of oxygen per molecule of p-cresol; the 
addition of aniline did not change the total oxygen uptake. The 
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scheme suggested by Richter (8), in which the oxygen of 
Equation 2 is replaced by o-quinone, is equally inadequate for 
the same reason. No substitute explanation is offered here. 
There can be no doubt, however, that some peroxide-like sub- 
stance is present in the solution immediately after the compo- 
nents are mixed. For instance, enzyme alone and buffered sub- 
strate alone do not blue guaiacum. A mixture of enzyme and 
substrate, however, will blue guaiacum even during the induction 
period when no color can be seen, no oxygen is being taken up, and 
no o-quinone is presumably present. 


DISCUSSION 


The experiments reported in this paper seem to lead to the 
conclusion that tyrosinase consists of only one enzyme, as claimed 
by Raper and Pugh in the past (5, 7). Two grounds for this conclu- 
sion are presented here. One is the fact that differently treated 
enzyme preparations such as plain juice, enzyme obtained from 
the alcohol precipitate in dialyzed and undialyzed states, prepara- 
tion obtained through further treatment by alumina adsorption 
and elution, and finally enzyme prepared by further treatment 
with adsorption on kaolin failed to change the relationship in their 
behavior to p-cresol and catechol. Were tyrosinase to consist of 
two separate entities, it would not seem reasonable to expect them 
to be adsorbed and eluted always together. Admittedly, how- 
ever, this argument is not conclusive, especially since the catechol 
reaction is irregular in that its total oxygen uptake is proportional 
to the amount of enzyme added. 

The second reason brought forth by our experiments is the fact 
that when the enzyme is inactivated toward catechol it is in- 
variably found to be inactive toward p-cresol as well. The 
inactivation in this case must be assumed to be specific for the 
active group rather than general, such as destruction by heat, 
strong acid, etc. 

The inactivation of the enzyme by the catechol system presents 
an interesting problem. Since the enzyme functions very actively 
at first and gets inactivated in the course of the reaction, it must 
be assumed that the inactivation is produced by a product of the 
reaction. The product of the catechol reaction is o-quinone. Yet 
both o-quinone and catechol must be present in the p-cresol system 
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as well, since the first step in the reaction is the conversion of 
p-cresol into its catechol derivations. Nevertheless, practically 
little inactivation occurs in the p-cresol system. 

It has been known that o-quinone catalyzes the reaction in which 
it is involved (10). It is this fact which may also account for the 
sigmoid, autocatalytic curve of p-cresol. We may then assume 
that the inactivation of the enzyme by the catechol system is 
_produced by combined excess of catechol and o-quinone. Removal 
of o-quinone by addition of aniline does hinder the inactivation a 
little but not much, as may be seen from Fig. 4. 

It is possible that different reaction products may occur in the 
oxidation of catechol as compared with p-cresol, and that some of 
these catechol reaction products may possess oxidizing qualities 
which exert a destructive action on the enzyme. The inhibiting 
factor cannot be o-quinone alone, since Raper has shown that it is 
formed in the oxidation of the p-cresol.. It may be that the hydro- 
gen peroxide is involved in the inactivation of the enzyme and 
investigations are now in progress along these lines. 

The major difference then between the action of tyrosinase 
upon p-cresol and catechol lies in the fact that p-cresol does not 
block the enzyme, while catechol, though it reacts with tyrosinase 
much faster initially, produces some substance or substances 
which block the enzyme. This inactivation accounts in addition 
for the fact that the total oxygen uptake with catechol is propor- 
tional to the amount of enzyme added. 

It is difficult to reconcile the above conclusions with the views 
expressed by Richter (8). Richter’s suggestion of two enzymes 
is as yet not justified by the facts, nor is his conclusion concerning 
the necessity of o-quinone for the reaction with monohydric 
phenols, a conclusion which he bases on the supposed inhibition of 
the p-cresol reaction by sodium bisulfite or aniline. With neither 
of these substances does real inhibition take place within the speci- 
fied concentrations. Addition of sodium bisulfite acts exactly as 
addition of aniline. At pH values below 7.0 there is never any 
inhibition or any other effect. Above pH 7.0 there is no inhibi- 
tion, but as in the case of aniline a prolonged induction period. 
It so happens that Richter worked exclusively with phosphate 
buffer of pH 6.8, which results in a slightly higher pH for the solu- 
tion. That might have been responsible for his observations on 
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the increased oxygen uptake with catechol and the supposed 
inhibition of p-cresol action by aniline and sodium bisulfite. 

In view of the evidence presented in this paper, where the actual 
course of the reaction was followed for p-cresol with aniline and 
without, at different pH values, and with differently prepared 
enzyme solutions, the conclusion is inevitable that neither aniline 
nor sodium bisulfite really inhibits. This observation necessarily 
changes the reasoning based upon the limited facts as seen by 
Richter. We are forced to conclude that Richter’s suggestion 
concerning o-quinone being indispensible for the oxidation of p- 
cresol, in support of which he uses the argument that removal of 
o-quinone by the addition of aniline, ete., inhibits it, is not correct. 
It is therefore necessarily incorrect to deduce that the catechol 
reaction is different in that it does not require o-quinone for its 
progress. The difference seems to be elsewhere. 

It seems best in accordance with the facts to assume that 
tyrosinase acts in most ways like peroxidase as reported by Balls 
and Hale (1). These investigators find that their enzyme is 
sometimes inactivated in precisely the same way as is tyrosinase 
by catechol; namely, by some substrate and excess peroxide. In 
our case also it is not every substrate that inhibits and, moreover, 
inhibition occurs only in the presence of excess of either o-quinone 
or some other product. Experiments, designed to throw more 
light on this relationship, are in progress. 


SUMMARY 


1. Preparations of tyrosinase, from unpeeled potatoes, are 
described. These include preparation of plain juice and of dis- 
solved alcohol precipitate dialyzed for several days without loss in 
activity, alumina, and kaolin adsorption. All the preparations 
are a little colored though the color fades upon dialysis. Peroxi- 
dase was present in all preparations (p-phenylenediamine and 
guaiacum tests). 

2. pH-activity curves are given for p-cresol with the various 
enzyme preparations. The more purified enzyme preparations 
are less resistant than the cruder material at pH values that are 
more acid or alkaline than the optimum. 

3. The p-cresol-enzyme reaction seems to proceed differently 
from the catechol-enzyme system. p-Cresol does not inactivate 
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the enzyme, while catechol does so very rapidly. p-Cresol behaves 
as the usual substrate, where the rate of the reaction, not the to- 
tal oxygen consumed, is proportional to enzyme concentration. 
With catechol it is the total oxygen consumed that seems to depend 
entirely on the amount of enzyme added within the limits allowed 
by amount of substrate. The total also depends on pH. 

4. Addition of aniline or sodium bisulfite does not inhibit the 
reaction. At alkaline pH values they give rise at times to pro- 
longed induction periods, the meaning of which is not known. 
Such induction periods are sometimes observed also in the absence 
of aniline. 

5. pH-activity curves are given for the p-cresol, aniline, and 
enzyme system. The optimum of the reaction was found to be 
invariably more acid when aniline is present. 

6. Addition of aniline to catechol does not change much the 
nature of the catechol reaction. 

7. The bearing of these facts on the composition of tyrosinase 
is discussed. 


BIBLIOGRAPHY 


. Balls, A. K., and Hale, W. S., J. Biol. Chem., 107, 767 (1934). 

. Graubard, M. A., J. Genetics, 27, 199 (1933). 

. McCance, R. A., Biochem. J., 19, 420, 1022 (1925); 20, 1138 (1926). 
Onslow, M. W., and Robinson, M. E., Biochem. J., 22, 1327 (1928). 
Pugh, C. E. M., Biochem. J., 24, 1442 (1930). 

Pugh, C. E. M., and Raper, H. 8., Biochem. J., 21, 1370 (1927). 
Raper, H. S., Physiol. Rev., 8, 245 (1928). 

. Richter, D., Biochem. J., 28, 901 (1934). 

. Robinson, M. E., and McCance, R. A., Biochem. J., 19, 251 (1925). 
. Szent-Gyérgyi, A., Biochem. Z., 162, 399 (1925). 


— 


STUDIES ON YEAST ZYMIN 


I. THE EFFECT OF SOME ELECTROLYTES UPON CARBON 
DIOXIDE PRODUCTION 


By HOMER E. STAVELY, L. M. CHRISTENSEN, anp 
ELLIS I. FULMER 


(From the Department of Chemistry, Iowa State College, Ames) , 
(Received for publication, July 18, 1935) 


Most of the large amount of research on alcoholic fermentation 
has been concerned directly with its mechanism, the isolation of 
intermediate products, and establishing the identity of the indi- 
vidual enzymes involved. With the exception of phosphates and 
arsenates, the effect of electrolytes on alcoholic fermentation has 
not been systematically investigated, and those studies reported 
have been confined to a very limited range of concentrations. 
In the present communication, and others to follow, detailed 
studies will be presented on the influence of some environmental 
factors upon the activity of yeast zymin. 

The indispensability of phosphates for alcoholic fermentation 
is now almost universally accepted. Harden and Young (1905) 
presented the first evidence for this fact when they showed that 
added inorganic phosphate increased CO, production by yeast 
juice. According to the same authors (1908), an excess of phos- 
phate added to a fermenting mixture of sugar and a yeast enzyme 
preparation increased the time required to attain the maximum 
velocity of CO, evolution and decreased the maximum rate itself. 
Meyerhof (1918) noted a similar effect with maceration juice, 
and found that the addition of either 0.11 or 0.20 m NaCl and 
NaNO; had the same effect as an increase in concentration of 
phosphate. Harden and Henley (1921), using zymin, confirmed 
the above results for chlorides and sulfates of sodium and potas- 
sium; they used only two concentrations of the salts, 0.25 and 
0.40 m. With the latter concentration the salts also decreased 
the final steady rate of CO, evolution. From the above findings 
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they concluded that, in general, salts have a depressing effect 
upon the enzymes concerned with esterification of the phosphate 
as well as on those concerned with the liberation of esterified 
phosphate. Excess of phosphate shares in this supposed general 
depressing effect of salts. 

Several investigators (Boas, 1921; Lindahl, 1933, 1934; and 
Lasnitzki and Szérényi, 1935) have shown that alkali salts influ- 
ence the fermentative capacity of living yeast cells; in general, 
alkali cations facilitate fermentation. The last mentioned au- 
thors consider the cations to be natural activators of alcoholic 
fermentation. 

Few published data are available concerning the effect of pH 
on zymase preparations. Hiagglund, Soderblom, and Troberg 
(1926) report that for living yeast and dried yeast the optimum 
pH for sugar decomposition is 4.0 to 8.5, while von Euler and 
Heintze (1919) noted that the CO, evolved by living yeast was 
nearly the same at pH 5 to 7. Hagglund and Rosenquist (1926) 
reported values of 5.5 to 8.0 pH for optimum sugar decomposi- 
tion by yeast juice. It is to be noted that the above pH ranges 
are rather broad. Mahdihassan (1930) found the pH of the 
yeast cell interior to be 5.9 to 6.0. ° 

An induction period, defined by Harden ((1932) p. 40) as 
“The time which elapses before the normal rate of fermentation 
is attained,’”’ occurs when the yeast preparations zymin, dried 
yeast, or maceration extract are treated with a large volume of 
sugar solution; the length of the period increases as the volume 
of sugar solution is increased. The induction period may be 
eliminated, or greatly shortened, by the addition of hexosediphos- 
phate, acetaldehyde, and various organic and inorganic salts 
(Harden, 1925; Harden and McFarlane, 1928; Katagiri and 
Yamagishi, 1929). On the other hand, arsenates and cyanides 
greatly prolong it (Patterson, 1931). In their studies on the 
effect of salts in shortening the induction period of dried yeast, 
Katagiri and Yamagishi (1929) concluded that the potency of 
chlorides and sulfates followed in the order 


NH,* > 4Mgt* > K+ > Nat > 4Catt 


They found the salts to have no effect upon the rate of carbon 
dioxide production after the evolution had commenced, except 
an inhibitory one in some instances. 
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Procedure 


The apparatus of Harden, Thompson, and Young (1910), with 
some modification, was used for the determination of the evolu- 
tion of carbon dioxide. The fermentation flasks, in a constant 
temperature bath at 25°, were connected to a Schiff azotometer 
filled with mercury. The level of the mercury in the reservoir 
was kept constant by a siphon overflow (Paine, 1911), thus 
insuring against change of pressure in the flask. In order to 
prevent supersaturation with gas the flasks were shaken 
continuously during the experiment by means of a motor-driven 
mechanical shaker. The volume of carbon dioxide was measured at 
10 minute intervals. All volumes were converted to standard con- 
ditions and expressed in terms of mg. By observing proper 
precautions, readings were duplicated to within 1 to 2 per cent. 

The inorganic phosphate was determined colorimetrically by 
the revised procedure of Kuttner and Lichtenstein (1930). Le- 
vene and Raymond (1928) and Raymond (1928) have employed 
this method on zymin fermentation mixtures and agree with the 
above authors that the procedure is specific for inorganic phos- 
phates. We have found that arsenate ion will also produce a 
blue color in the reaction mixture. This fact is not mentioned 
by Kuttner and Lichtenstein. Levene and Raymond and Ray- 
mond used this procedure for phosphate though arsenate was 
added to the samples. It is evident that if arsenate has been 
added, significance can only be attached to changes in the appar- 
ent phosphate content. 

The pH was determined electrometrically by means of the quin- 
hydrone electrode. Hopkins (1928) has used this method on 
zymin fermentation mixtures. 

Since the discovery of the fermentative activity of yeast juice 
by Buchner (1897) quite a number of other active enzyme prepa- 
rations have been made which are almost entirely free from living 
yeast cells. The most widely used preparations are yeast juice, 
zymin, the “macération extract” of von Lebedev (1911), and dried 
yeast. These preparations all ferment sugar more slowly than 
does living yeast and all respond to the addition of inorganic 
phosphate. The activity of zymin is about one-eighth that of 
living yeast, whereas the ratio for yeast juice is about one-fortieth. 
They differ in stability, the dry zymin retaining its activity for 
months, while yeast juice autolyzes rapidly with resulting loss 
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in fermentative power. In the research here reported zymin was 
employed. 

The zymin was prepared from brewers’ yeast! by the method 
outlined by Harden ((1932) p. 39). 500 gm. of yeast and 3 liters 
of acetone were stirred together for 10 minutes and filtered on a 
Buchner funnel. The mass was then mixed with 1 liter of acetone 
for 2 minutes and again filtered. The residue was coarsely pow- 
dered, stirred with 250 cc. of ether for 3 minutes, filtered, and 
spread out on paper in a thin layer. After standing for an hour 
at room temperature, it was dried at 40-45° for 24 hours. The 
average yield was about 25 per cent of the original weight of the 
yeast. This is somewhat less than the value given by Harden. 

There was some variation in the fermentative activity of differ- 
ent zymin preparations, even though identical procedures were 
followed; in some instances the variation in evolution of CO, 
amounted to 50 per cent. Ordinarily 70 to 90 mg. of the gas were 
evolved in 90 minutes. A probable explanation of this variability 
is found in the data of Table I. Zymin A was made on the day 
of arrival of the shipment of yeast by express, Zymin B 3 days 
later, and Zymin C 7 days later. The fresh yeast had been 
stored in the refrigerator. It is evident that the fermentative 
activity of the zymin increases with the time elapsed from the 
receipt of the fresh yeast. This fact is correlated with the in- 
crease in the amount of available inorganic phosphate. Zymin 
C is richer in esterifying ability than is Zymin B, as shown by the 
inorganic phosphate content in the presence of glucose. At the 
end of 30 minutes the phosphate content of Zymin C is only 12.2 
per cent of what it would have been in the absence of glucose, 
whereas the percentage for Zymin B is 18.1. The three zymins 
were progressively lighter in color. It is clearly indicated that 
in the preparation of zymin the yeast should be allowed to age. 
The zymin is stable over a long period of time; no significant 
change was noted after 4 months. 


EXPERIMENTAL 


Effect of pH—Duplicate flasks were prepared, one for deter- 
mining the carbon dioxide evolution, and the other for obtaining 
pH values. 0.1 N HCl or 0.1 N NaOH was added to obtain varia- 


1 Furnished through the courtesy of Anheuser-Busch, Inc., St. Louis. 
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tions in pH. The fermentation mixture consisted of 6 gm. of 
zymin, 3 gm. of glucose, 1.0 cc. of toluene, and varying amounts 
of either acid or base and H.O, so that the total volume of liquid 
added was 25 cc. Samples were withdrawn at 10, 30, 60, and 90 
minutes for determining pH values of the mixture. 


TABLE I[ 
CO, Production and Inorganic Phosphate Content of Three Zymin 
Preparations 
Inorganic phosphate, mg. P per cc. 
. CO: evolved 
In aqueous system without In presence of 
glucose glucose 

Zymin A B Cc B Cc A B Cc 

min. mg. mg mg 
5 0.69 0.79 1.13 0.72 0.97 
10 6 10 29 
30 0.94 1.05 1.31 0.19 0.16 29 42 73 
60 1.04 1.11 1.40 0.22 0.16 55 72 110 
90 1.50 0.26 0.18 71 94 143 
TABLE II 
Effect of pH on CO, Production by Zymin 

oF Average rates per min. 

Initial After 30 min. After 90 min. 
0-30 min. 30-90 min. 
pH pH mg. CO2 pH mg. COz mg. CO: mg. COs 

4.33 4.41 0 4.43 9 0 0.10 
5.14 5.34 19 5.68 46 0.63 0.45 
5.63 5.78 34 5.92 71 1.13 0.62 
6.09 6.14 32 6.08 69 1.07 0.62 
6.44* 6 .28* 21* 6 .30* 58* 0.70* 0.62* 
7.50 7.02 10 | 6.65 38 0.33 0.47 
7.90 7.10 2 | 6.85 26 0.07 0.40 
* Values for the flask to which only water was added. 


The data are summarized in Table II. The average rates 
given in Table II and in all the others are the mg. of CO, evolved 
per minute over the time interval concerned. 

Ixxcept in the case of extreme inhibition, the rate of carbon 
dioxide evolution had reached a fairly steady state after 30 min- 
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utes. It will be seen from Table II that this steady rate is not 
as sensitive to pH as is the initial rate. 

The pH values for the flask to which only water was added 
varied from 6.44 to 6.30. In general the pH of other batches of 
zymin under the same conditions was found to be in the same 
range, but sometimes had decreased to 6.20 after 90 minutes. 

From Table II, the optimum pH values for zymin fermentation 
are 5.6 to 6.1 for the initial rate of CO, production (0 to 30 min- 
utes), and 5.8 to 6.3 for the steady rate (30 to 90 minutes). These 
values are close to those given by Mahdihassan (1930), 5.9 to 
6.0 pH, for the yeast cell interior. 

Effect of Various Salts without Added Phosphate—The reaction 
mixture consisted of 6 gm. of zymin, 3 gm. of glucose, 1.0 cc. of 
toluene, and 25 cc. of water. To this was added the amount of 
salt necessary to produce the normality indicated in Tables III 
and IV. In practically every case the maximum rate of carbon 
dioxide evolution was attained during the first 30 minutes, and 
most often in the first 10 minutes. Carbon dioxide began to 
collect in the mercury-filled azotometer within 2 or 3 minutes 
after mixing. This indicates that the time necessary for satura- 
tion of the fermentation flasks is negligible. 

The data show that the salts used are activators for the zymase 
enzyme complex, if added in the proper concentration. The 
first 30 minutes is a period of more rapid fermentation, and during 
this period most of the free phosphate in the zymin is esterified. 
At the end of this period the rate of CO, evolution had fallen to 
an almost constant, though gradually decreasing, value. For 
this reason the percentage increase in rate in the presence of the 
salts has been calculated for both periods. It is likely that a 
different part of the enzyme complex is involved in the initial 
period than in the second. This is suggested by the fact that the 
order of activation by the salts at optimum concentrations differs 
for the two periods. For the initial period the order is: 


MgSO, = NaCl > NH,CI > KCl > CaCl; 
whereas for the period of constant rate 
NH,CI > MgSO, > CaCh, > NaCl > KC] 


The above order may not be exact, since the same zymin prepa- 
ration was not used in each series. However, the order is approxi- 
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mately substantiated by data given in Paper III of this series 
on the effect of the salts upon phosphorylation reactions. 
Harden and Henley (1921) consider the rate of fermentation 
to be a measure of the activity of the enzyme phosphatase after 
a steady state is reached, since during this phase the rate of fer- 
mentation is conditioned by the amount of free phosphate avail- 
able for esterification. Adopting this criterion, we may conclude 
that the salts NH,Cl, MgSO,, CaCle, and NaCl are activators for 


TABLE V 
Effect of Combination of NH,Cl and MgSO, upon CO, Production (Mg. of CO.) 
by Zymin 
0.034 N MgSO, 
Control 0.034 N MgSO, | 0.075 n NH,Cl 
0.075 N NH,Cl 
min 
10 7 12 13 12 
20 15 20 23 22 
30 22 29 30 31 
40 29 37 39 38 
50 35 44 47 46 
60 41 52 54 54 
70 48 59 61 62 
80 54 69 69 
90 61 71 76 77 
Average rate per min., 

0-30 min............ 0.73 0.97 1.00 1.03 
Increase, %........... 33 37 41 
Average rate per min., 

30-90 min........... 0.65 0.70 0.77 0.77 
Increase, %.......... 7.7 18.5 18.5 


the mechanism which liberates organic phosphate, while KCl has 
little effect. Experiments showed that the activation by NH,Cl 
continued for at least 240 minutes. 

An experiment was carried out to determine whether activation 
by the two most potent salts, NH,Cl and MgSQ,, was additive. 
Optimum amounts of each salt were added to the fermentation 
flask containing the basic reaction mixture. The results are sum- 
marized in Table V. Apparently the activation by NH,Cl and 
MgSO, is not additive. 


. 
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Determinations of the pH values of the fermentation mixtures 
were made during the reaction in the presence of various concen- 
trations of NH,Cl. The data showed conclusively that the 
stimulation is not a pH effect. 

Effect of Salts in Presence of Added Phosphate—The previous 
data showed that the presence of various salts, in the appropriate 
concentrations, increased the rate of carbon dioxide production 


TABLE VI 


Effect of NH,Cl and MgSO, on CO, Production (Mg. of CO2) by Zymin in 
Presence of Added Phosphate 


NH,Cl MgSO. 
0.06 m 0.06 
NH,.Cl MgSO, 
min. 
10 15 39 41 7 21 24 
20 26 82 88 14 51 59 
30 37 102 111 21 72 79 
40 47 121 129 27 86 94 
50 57 137 148 34 98 106 
60 66 154 165 40 109 118 
70 75 169 182 46 120 130 
80 83 181 198 54 130 141 
90 91 193 214 58 140 152 
Average rate per 
min., 0-30 min....| 1.23 3.40 3.70 | 0.70 2.4 2.64 
Increase, %....... 8.8 10 
Average rate per 
min., 30-90 min..| 0.90 1.52 1.72 | 0.62 1.13 1.22 
Increase, %....... 13.2 8 


by zymin in the absence of added phosphate. This was especially 
apparent with NH,Cl and MgSO,. In Table VI are given data 
for the effect of these salts in the presence of added phosphate. 
The expected increase in activity with added phosphate is very 
marked. It is also evident that the NH,Cl and MgSQ, still 
further accelerate the evolution of carbon dioxide; that is, the 
effect of the salts, in optimum concentration, is additive to that 
of the phosphate. It may be tentatively postulated that the 


TT; WA 


‘ 


Stavely, Christensen, and Fulmer 781 


salts increase the rate of esterification of phosphate, and since 
stimulation continues after the initial period, the salts are also 
activators for the reaction which sets free the esterified phos- 
phate. These points will be further elaborated in Paper III of 
this series. 

Salts and the Induction Period—The salts which have been 
shown to exert an influence on the rate of carbon dioxide evolu- 
tion are among those which greatly shorten the induction period 
exhibited by zymin and dried yeast, as shown by Harden and 
McFarlane (1928) and Katagiri and Yamagishi (1929). It was 
decided to determine the effect of the salts on shortening of the 
induction period, which occurred with the zymin used in this 
investigation. The basic reaction mixture for these experiments 


TaBLeE VII 
Effect of Salts on Induction Period of Zymin 
Salt, 0.056 N Length of period See 

min mg. 


was 2.5 gm. of zymin, 1.0 gm. of glucose, 1.0 cc. of toluene, and 
25 cc. of CO.-saturated water. To this was added enough salt 
to make the solution 0.056 n. The induction period was taken 
as the time which elapsed before 1.0 cc. of CO: collected in the 
azotometer. From Table VII, the order of potency of the cations 
in abolishing the induction period is 


NH,* > 4Mgt+ > Nat > Kt > 3Catt 


With the exception of Na+, this order is in agreement with that 
given by Katagiri and Yamagishi for shortening the induction 
period of dried yeast. Moreover, after evolution of CO, had 
started, the salts increased the amount of CO. evolved in 30 min- 
utes in every case except with CaCl. The order of potency in 
increasing the amount of CO, evolved 


. 
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> NH,* > Nat > Kt > 4Cat** 


agrees well with the order of potency of the cations in increasing 
the initial rate of CO, evolution when no induction period oc- 
curred. 


DISCUSSION 


The accelerating agents for the zymase preparations may be 
divided into three classes: (1) substances which have a chemical 
function in the reactions (phosphates), (2) reducible substances, 
which probably act as hydrogen acceptors, (3) substances not 
included under (1) and (2). | 

Arsenates and arsenites belong in class (3). No other salts 
are given in the literature as having any influence on alcoholic 
fermentation by enzyme preparations, other than inhibitory. In 
the light of the present investigation other salts belong in class 
(3), namely NH,Cl, MgSO,, CaCl, KCl, and NaCl. Harden and 
Henley (1921) evidently based their conclusion concerning the 
inhibitory effect of salts on experiments in which the salt concen- 
trations were much greater than the optimum values found in 
the present investigations. 

Of the salts studied, NH,Cl, MgSO,, and NaCl caused an ap- 
preciable increase in the initial maximum rate of COz2 evolution, 
and therefore may be activators for those enzymes concerned with 
esterification of phosphate and glucose. This is further indicated 
by the fact that the rate of CO, production in the presence of 
added phosphate is increased by NH,Cl and MgSO, in the proper 
concentration. NH,Cl, MgSQ,, and CaCl, cause an increase in 
the steady rate of fermentation, which depends on available in- 
organic phosphate, and hence may be activators for the enzymes 
concerned with the liberation of organic phosphate. 


SUMMARY 


1. Zymin is more active if prepared from yeast which has 
stood for several days at refrigerator temperatures. This is 
due in part to an increased amount of inorganic phosphate in the 
preparation. 

2. The salts NH,Cl, MgSO,, NaCl, and KCl, if present in ap- 
propriate concentrations, increase the initial, maximum rate of 
CO, production by zymin. 
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3. The salts NH,Cl, MgSO,, NaCl, and CaClh, if present in 
appropriate concentrations, increase the steady constant rate of 
CO: production by zymin. NH,Cl is the most potent of the salts 
in this respect. 

4. The salts NH,Cl and MgSO, increase the rate of CO, pro- 
duction in the presence of added inorganic phosphate, but the 
effect of the two salts is not additive. 

5. The optimum pH for COz production by zymin is 5.8 to 6.2. 
This is approximately the pH value reported for the interior of 
a yeast cell. 

6. All of the salts which increase the rate of CO, production 
shorten the induction period which occurs when the concentration 
of zymin is relatively small. 
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STUDIES ON YEAST ZYMIN 


II. THE EFFECT OF ETHANOL UPON THE PRODUCTION OF 
CARBON DIOXIDE 


By HOMER E. STAVELY, L. M. CHRISTENSEN, anp 
ELLIS I. FULMER 


(From the Department of Chemistry, Iowa State College, Ames) 


(Received for publication, July 18, 1935) 


In a previous communication (1934) the authors presented pre- 
liminary data showing that zymin is much more sensitive to 
ethanol than is living yeast. In the present paper results are 
given of a more detailed study of this phenomenon with and with- 
out the addition of phosphate, ammonium chloride, and mag- 
nesium sulfate. Comparative data are presented for dried yeast; 
the yeast was dried for 48 hours at 35°. The general technique 
is that previously described by the authors (1935) in Paper I of 
this series. 

In Tables I and II are given data showing the effect of various 
concentrations of ethanol upon the production of carbon dioxide 
by zymin and dried yeast. The basic reaction mixtures contained 
6 gm. of zymin or 5 gm. of dried yeast, 3 gm. of glucose in 25 cc. 
of an ethanol-water mixture, and 1.0 cc. of toluene. In Fig. 1 
are plotted the relative rates of carbon dioxide production by 
zymin, living yeast, and dried yeast. The data for the living 
yeast were adapted from data presented by Rahn (1929). It is 
apparent that the dried yeast is least sensitive to ethanol, the 
zymin the most sensitive, and that the living yeast occupies an 
intermediate position. Harden (1932) reports that the fermenta- 
tive activity of yeast juice decreases about 20 per cent in the 
presence of 6 per cent ethanol and about 75 per cent in the pres- 
ence of 14 per cent ethanol. These few data indicate that the 
sensitivity of yeast Juice lies between that for dried yeast and for 
living yeast. 

Since dried yeast is less affected by ethanol than is zymin, it 
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might be concluded that some protective factor was removed in 
the preparation of the zymin. Tests showed that the material 
dissolved from the yeast by acetone and ether did not exert a 
protective action toward ethanol when added to the zymin. 
Zymin was placed in a portion of an ether extract of the removed 
matter and evaporated to dryness with constant stirring at room 
temperature. The resulting material was as sensitive to ethanol 
as was the original zymin. Evidently the increased sensitivity 
of the zymin is not accounted for by the simple extraction of 
protective materials. 


TABLE I 
Effect of Ethanol on CO, Production (Mg. of CO2) by Zymin 


Ethanol, vol. per cent 
Control 
0 38 0.94 1 31 1 86 2.59 3.65 47 
min, 
10 15 7 5 - 423 0 0 0 
20 26 17 10 9 7 5 4 0 
30 37 26 17 14 11 9 5 3 
40 47 35 23 20 16 12 7 6 
50 57 43 30 26 20 10 8 
60 66 51 37 32 25 20 12 10 
70 75 59 44 37 30 24 15 13 
Average rate per 
min., 30-70 min....| 0.95 | 0.825; 0.675, 0.575: 0.475) 0.376, 0.250) 0.250 
Decrease, %........ 13 29 39 50 9 74 74 


In Table III are given data for the effect of ethanol upon the 
carbon dioxide production in the presence of 0.06 m phosphate. 
While the phosphate gives the expected increase in activity, its 
presence does not decrease the sensitivity toward ethanol. These 
results suggest that ethanol interferes with the enzyme mecha- 
nism which brings about esterification of the inorganic phosphate, 
thereby decreasing the amount of carbon dioxide evolved. Evi- 
dence will be presented in Paper III of this series which supports 
this conclusion. 

In Table IV are given data showing the effect of ammonium 
chloride and magnesium sulfate upon the production of carbon 
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100 
Zymin 
80 ° Living Yeast (Rahn 1929) 
6 Dried Yeast 
= 
a 
2 
+ 40h 
9 a 
Q 
20r 
oo 
° 
1O i5 
Percent Ethanol Added 
Fic. 1. Effect of ethanol on relative rate of CO, production 
TABLE III 
Effect of Ethanol on CO, Production (Mg. of CO) by Zymin in Presence of 
Phosphate 
006m 
Control | hosphate 0.38 
ethanol | ethanol 
min. 
10 15 39 22 17 
20 26 82 64 54 
30 37 102 86 79 
40 47 121 102 O4 
50 57 137 117 107 
60 66 154 131 120 
70 75 169 142 131 
80 83 181 154 143 
90 91 193 165 154 
Average rate per min., 0-30 min...... 1.23 3.40 2.86 2 63 
Decrease, %.......... 0 15.9 22.6 
Average rate per min., 30-90 min...... 0.90 1.52 1.32 1 25 


dioxide in the presence of concentrations of ethanol which highly 
depress the fermentative activity of the zymin. 
ammonium chloride protect against the ethanol but the increase 


Not only does 
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in the constant rate of evolution of the carbon dioxide is much 
more than that shown previously by the authors (1935) for a 
fermentation without the ethanol; magnesium sulfate increases 
the activity about the same amount with or without ethanol. 


SUMMARY 
The production of carbon dioxide by dried yeast, yeast juice, 
living yeast, and zymin is increasingly decreased by varying 


TaBLe IV 


Effect of NH,Cl and MgSO, on CO, Production (Mg. of COz) by Zymin in 
Presence of Ethanol 


| 1.86 per cent ethanol go og 
| 
tro r 
| Control NCI 
min. 
10 15 2 7 5 (10 0 0 
20 26 7 14 10 
30 37 ill 21 16 |42 14/10 
40 47 16 27 22 
50 57 = (20 34 28 
60 66 (25 (84 (|72 14.41 7.6 
70 75 30 48 40 
90 94 18 
Average rate per min., 30-70 
Average rate per min., 30-90 


concentrations of ethanol in the order named. A concentration 
of ethanol of 1.86 per cent reduces the activity of zymin 50 per 
cent, whereas a concentration of 14 per cent ethanol is necessary 
to reduce the activity of dried yeast 50 per cent. The addition 
of inorganic phosphate does not decrease the sensitivity of zymin 
toward ethanol. The addition of appropriate concentrations of 
ammonium chloride not only decreases the sensitivity of the 
zymin toward ethanol but actually increases the rate over that 
produced by the salt in the absence of ethanol. 
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STUDIES ON YEAST ZYMIN 


III. THE EFFECT OF SOME ELECTROLYTES, AND OF ETH- 
ANOL, UPON THE PHOSPHATE CONTENT 
DURING FERMENTATION 


By HOMER E. STAVELY, L. M. CHRISTENSEN, anv 
ELLIS I. FULMER 


(From the Department of Chemistry, Towa State College, Ames) 
(Received for publication, July 18, 1935) 


In previous communications by the authors (1935) data were 
presented on the effect of some electrolytes, and of ethanol, upon 
the evolution of carbon dioxide from glucose by yeast zymin. 
The electrolytes, in appropriate concentrations, stimulate the 
rate of evolution of the gas. The zymin is very sensitive to 
ethanol. The addition of phosphate does not decrease the sensi- 
tivity toward ethanol, while ammonium chloride not only de- 
creases the sensitivity but exhibits greater stimulation than in 
the absence of ethanol. The present communication deals with 
the effect of the above factors on the inorganic phosphate con- 
tent during the course of the fermentation and the correlation 
of these effects with the previous data with regard to the evolu- 
tion of carbon dioxide. The technique for the fermentation and 
for the determination of the inorganic phosphate is that previ- 
ously described by the authors (1935) in Paper I. 

Patterson (1931) investigated the changes in organic and in- 
organic phosphate during the induction period of a zymin fermen- 
tation. In the control flask the inorganic phosphate gradually 
increased until the end of the period was almost reached; at this 
point esterification predominated and the inorganic phosphate 
rapidly disappeared. When either 0.13 or 0.20 mM potassium ace- 
tate was added at the start, the inorganic phosphate began to 
decrease much sooner. In every case the evolution of carbon 
dioxide started when the inorganic phosphate had fallen to ap- 
proximately the same low value and when the total organic 
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phosphate had reached the same high value. The initial phos- 
phate content was greater when potassium acetate was present, 
the value increasing from 33 mg. in the control to 46 mg. in the 
presence of 0.2 m salt. She concluded that the salt effect in de- 
creasing the induction period of zymin was associated with in- 
creased availability of the phosphate and suggested that the 
phenomenon was associated with change in permeability of the 
cell wall. Against this conclusion may be cited the observation 
of Harden and McFarlane (1928) that there was no decrease in 
the length of the induction period after zymin had been ground 
with glass. Moreover, Harden (1925) reported that the cozymase 
of zymin is extracted no more rapidly in salt solution than in 
pure water. However, it is clear that potassium acetate does 


TABLE I 
Influence of pH on Phosphate Content (Mg. of Inorganic P per Cc.) 


pH P (con- P pH P pH P pH P pH P 


SS 


SSSa 


decrease the time which elapses before the inorganic phosphate 
reaches a minimum. 


EXPERIMENTAL 


Effect of pH—A series of flasks was prepared containing 2.5 
gm. of zymin, 1 gm. of glucose, 1 ec. of toluene, and 25 cc. of 
solution containing varying amounts of HCl and NaOH. With 
this concentration of zymin an induction period occurred as far 
as CO, production was concerned. The changes in phosphate 
content and pH values were determined and are given in Table I. 
Phosphate disappeared most rapidly in the control flask. Hence 
the optimum pH for esterification of phosphate and glucose by 
zymin is 6.2 to 6.4. This agrees with the value 6.4 given by 
von Euler and Nordlund (1921) as the pH optimum for hexose- 
phosphate synthesis by living yeast. 


91) 0.39) 6.58 | 0.38) 6.31) 0.38) 6.00) 0.38) 5.60] 0.40 0.38 
71) 0.47| 6.45 | 0.47) 6.20 0.43) 6.03, 0.42] 5.80) 0.45 0.41 
49| 0.27) 6.27 | 0.18) 6.12| 6.02) 0.27] 5.88) 0.30) 0.45 
37| 0.13] 6.23 | 0.09) 6.16 0.11, 6.06, 0.21] 5.88) 0.25 0.48 


Stavely, Christensen, and Fulmer 793 


Effect of Electrolytes—When the concentration of zymin was 
relatively great (6 gm. of zymin in 25 cc. of water), no induction 
period occurred, and the evolution of carbon dioxide took place 
immediately. Inorganic phosphate disappeared quite rapidly 
and reached a minimum value within 30 minutes. Hence such 
a reaction mixture is not suitable for studying the influence of 
salts. Very little difference could be detected when salts were 
added except in the case of ammonium chloride. When this salt 
was present in 0.075 N concentration, the inorganic phosphorus 


TABLE II 
Influence of Salts (0.056 x) on Phosphate Content (Mg. of Inorganic P 
per Cc.) 
A zero value of 0.74 is assumed. 
Control NH,.Cl CaCh MgSO. KCl NaCl 
min 
10 0.72 0.67 0.66 0.64 0.68 0.68 
30 0.70 0.59 0.68 0.56 0.64 0.66 
50 0.57 0.23 0.54 0.28 0.37 0.31 
70 0.21 0.09 0.23 0.10 0.12 0.10 
Decrease in 0- 
50 min. 0.17 0.51 0.20 0.46 0.37 0.43 
Decrease in 0- 
70 min. 0.53 0.65 0.51 0.64 0.62 0.64 


had reached a value of 0.15 mg. per ce. at the end of 30 minutes 
as against a value of 0.26 mg. per cc. in the control. 

The same experiments were repeated with a concentration of 
2.5 gm. of zymin in 25 ce. of water containing 0.3 mg. of phos- 
phorus per ce. In this case an induction period occurred and 
phosphate disappeared in the control more slowly. In Table II 
are given data showing the influence of the salts, which have 
been shown in Paper I by the authors (1935) to increase CO, 
production, on the inorganic phosphate content. The potency of 
the cations for reducing the phosphate content during the first 
50 minutes is 


NH«* > 3Mg** > Na* > K* > 3Ca** > control 


The same order is obtained for the 70 minute period, but with 
less variation among the salts, because KCl and NaCl exert more 
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influence during the latter part of the period. The order of the 
salts given above is in virtual agreement with that for increase of 
CO, production and for shortening the induction period as shown 
in Paper I by the authors (1935). 


° Control No induction 
e With OO75N NH,CIJ period 
OBO} Control Induction 
With OO5GN NH,CIJ period 


) ®\ o 
OGOr 


0.20} 
i i A 25 | 
20 25 
Minutes 


Fic. 1. Effect of NH,CI on the inorganic phosphate content of a zymin 
fermentation mixture. 


TaBLeE III 
Influence of Ethanol on Phosphate Content (Mg. of Inorganic P per Cc.) 
of Zymin 
Per cent ethanol 
2.58 3.48 | 4.35 
min. | | | 
5 0.58 ().62 | 0 60 
30 | O27 | 0.33 042 | 044 | 0.47 
60 | O29 | 0.31 0.34 043 0.44 
9 | O28 | 0.33 0.35 | 0.46 0 48 
120 = 0.38 | 0.45 | 0.51 
150 0.33 | 0 41 | | 0 53 | 0.56 


In Fig. 1 are plotted data for the most potent salt, ammonium 
chloride, with and without an induction period. When ammo- 
nium chloride was present, the pH was about 0.1 of a unit less 
than in the control; the pH is shifted away from the optimum 
for phosphate disappearance (see Table I). Hence the effect of 
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ammonium chloride is not a pH effect, but rather the latter acts 
in opposition to the ability of ammonium chloride to reduce the 
phosphate content. 

Effect of Ethanol—Table III contains data for the influence of 
ethanol upon the inorganic phosphate. content of fermenting 
zymin. 6gm. of zymin, 1 gm. of glucose, 1.0 cc. of toluene, and 25 
ec. of ethanol-water solution comprised the reaction mixture. Pure 
water was substituted for the ethanol solution in the control. 

The conclusion made by the authors (1935) in Paper II, that 
the effect of ethanol on zymin is to interfere seriously with the 
enzyme or enzymes which bring about the esterification of phos- 
phate, seems justified. As is seen from the control in Table ITI, 
the phosphate content reached a minimum value in about 30 


TaBLeE IV 
Influence of Ethanol on Phosphate Content (Mg. of Inorganic P per Cc.) of 
Dried Yeast 
| Per cent ethanol 
Control 
| 2.85 7.6 
min. | 
10 0.47 0.68 0.78 
30 | 0.10 | 0.11 0.19 
50 | 0.09 | 0.10 0.09 
75 | 0.10 | 0.10 0.10 


minutes and stayed almost constant in the 30 to 90 minute period. 
When ethanol was added, less phosphate was esterified and the 
minimum phosphate content became progressively greater with 
increasing concentrations of ethanol. This explains why ethanol 
reduces CO, production by zymin to such a marked extent as 
shown by the authors in Paper II (1935). 

It has been shown by the authors in Paper II that dried yeast 
is much less susceptible to ethanol than zymin, as far as CO, 
production is concerned. Ethanol should correspondingly inter- 
fere less with esterification of inorganic phosphate in a dried 
yeast fermentation than it does in a zymin mixture. The data 
of Table IV show this to be the case. The reaction mixture con- 
sisted of 5 gm. of dried yeast, 1.0 gm. of glucose, 1.0 cc. of toluene, 
and 25 ec. of water or water-ethanol solution. 


796 Yeast Zymin. III 


The conclusions made on the basis of CO, production, that 
zymin is more susceptible to ethanol than dried yeast, are entirely 
justified by these data. 

Effect of Electrolytes in Presence of Ethanol—The influence of 
NH,Cl and other salts on the phosphate content of fermenting 
zymin in the presence of ethanol is summarized in Table V. The 
control flask contained 6 gm. of zymin, 1.0 gm. of glucose, 1.0 
ec. of toluene, and 25 cc. of 0.95 per cent (by volume) ethanol 
solution. The other flasks differed only as to the presence of 
a salt. 


© 0.075 N NH,C! with 025% Ethanol 
0.034 N Mg 50, with 0.952 Ethanol! 


be 4 Control without Ethanol 
Control with 095% Ethanol! 


a 
30 60 290 I50 
Minutes 


Fic. 2. Effect of salts on the inorganic phosphate content of a zymin 
fermentation mixture in the presence of 0.95 per cent ethanol. 


NH,Cl has the ability to increase the amount of phosphate 
esterified in the presence of ethanol, reducing the steady state 
value of phosphate content from 0.27 to 0.185 mg. of phosphorus 
per cc. Other salts have the same effect to a greater or less 
degree. In Fig. 2 are plotted data from Table V for the effect 
of ammonium chloride and of magnesium sulfate, illustrating 
this point. The order of potency of the cations to increase 
esterification is 


NH,*t > Nat > Kt > 3Cat* > control > 4Mg*t 


An interesting feature of these data is the difference in the 
effect of MgSO, and NH,Cl. These two salts are about equally 


1.00 
0.80 
U 
U 
OGO 
QO. 
> | 
| 
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potent in stimulating CO, production without ethanol, as shown 
in Paper I, and likewise they are equally potent in reducing the 
phosphate content without ethanol (Table II). But as shown in 
Table V, MgSO, slightly increases the steady state phosphate 
content in the presence of ethanol, whereas NH,Cl greatly de- 
creases this value. 

Apparently MgSO, slightly hinders esterification of phosphate 
in the presence of ethanol, while NH,Cl brings about increased 
esterification. These facts correlate with data given in Paper II 
of this series, which showed that NH,Cl has a greater influence on 
COz evolution in the presence of ethanol than in its absence. 


TABLE V 


Influence of Salts on Phosphate Content (Mg. of Inorganic P per Cc.) of 
Zymin in Presence of 0.95 Per Cent Ethanol 


Con-! 0.075 N | 0.034N | 0.075 N | 0.022 N | 0.075N | 0.075 N 0.075 N 
trol | NHi«Cl | MgSO«* | | CaCh* | CaCl: NaCl KCl 
min 
5 0.81; 0.81 |} 0.85 | 0.78 | 0.78} 0.75 | 0.80) 0.76 
30 0.87; 0.75 | 0.88 | 0.85; 0.80 0.59 | 0.80) 0.80 
50 0.57; 0.30! 0.63 | 0.71 0.50] 0.31 0.49) 0.55 
75 0.27; 0.19 | 0.30 | 0.33 | 0.27! 0.27 | 0.20; 0.24 
100 0.27; 0.18 | 0.29 | 0.32 0.26; 0.26 0.20) 0.25 
130 0.30; 0.22) 0.34 0.30 |} 0.27 0.23 0.26 
Steady state 
value 0.27' 0.185) 0.295) 0.325) 0.265) 0.265) 0.20) 0.245 
Deviation from 
control —(.085)| +0 .025) +0 .055) —0.005, —0.005| —0.07| —0.025 


* Optimum for CO, production without ethanol. 


The increase in steady rate brought about by NH,Cl amounted 
to 42 per cent in the presence of ethanol, and 19 per cent when 
no ethanol was present: MgSO, increased the steady rate about 
20 per cent with or without ethanol. These data constitute 
further evidence that NH,Cl plays a special réle in overcoming 
ethanol inactivation of zymin. 

Effect of Electrolytes and Ethanol during Autofermentation— 
When zymin is mixed with water, a slight amount of CO, is 
evolved as a result of fermentation of the carbohydrates present 
in the zymin. In Paper I of this series data were given which 
showed that during autofermentation the inorganic phosphate 


- 
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content increased. There is evidently insufficient sugar present 
to bring about its esterification. It was thought advisable to 
investigate the effect of several of the salts which stimulated CO, 
production and ethanol on the phosphate content during auto- 
fermentation. In Table VI the data are summarized. Sodium 
arsenate was included, since it has a profound activating action 
on zymase and was thought by Harden and Young (1911) to 
stimulate phosphatase. 6 gm. of zymin, 1 cc. of toluene, and 25 
cc. of water constituted the basic reaction mixture. 
Interpretation of these results is difficult. In the presence of 
MgSO, the phosphate content is slightly increased, especially in 
the first few minutes, whereas the effect of NH,Cl is just the op- 
posite. This suggests that these two salts may influence zymin 


TaBLeE VI 
Effect of Electrolytes and Ethanol during Autofermentation 
The results are expressed in mg. of inorganic phosphorus per cc. 


Increase in P in Variation from 

5-120 min. control 
0.67 +0.21 


fermentation in different ways. It is apparent that the activating 
effect of NH,Cl in increasing CO. production is not due to increas- 
ing the availability of phosphate normally present in the zymin. 

Meyerhof (1927) has shown that the effect of arsenate on 
alcoholic fermentation is to stimulate direct fermentation of 
hexosediphosphate. This would bring about an increase in phos- 
phate content, and is the probable cause of the increase brought 
about by arsenate noted in Table VI. 

Effect of Substituted Ammonium Chlorides—If a hydrogen atom 
of ammonium chloride is replaced by an organic radical, an amine 
hydrochloride is obtained which should affect the phosphate con- 
tent of a zymin reaction mixture to a different extent than does 
ammonium chloride. The effect of several amine hydrochlorides 
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was investigated for the purpose of determining whether any 
correlation existed between their influence on the phosphate con- 
tent and the “electron-sharing ability”? of the radical R (Hixon 
and Johns, 1927) or the dissociation constants of the correspond- 
ing amines. Craig (1933) has correlated these functions with 
the toxicity of a series of substituted N-methylpyrrolidines. 
Table VII contains data for the effect of two amige hydro- 
chlorides on the phosphate content of zymin fermentations. 


TaBLeE VII 
Comparison of Influence of R--NH;Cl Compounds on Phosphate Content 
(Mg. of Inorganic P per Cc.) of Zymin 
A zero value of 0.74 is assumed. 


min 
10 0.72 0.67 0.71 0.70 0.69 
30 0.70 0.59 0.62 0.71 0.67 
50 0.57 0.23 0.33 0.59 0.47 
70 0.21 0.09 0.13 0.38 0.14. 
90 0.11 0.28 
Decreaset in 
0-70 min. 0.53 0.65 0.61 0.36 0.60 
Deviation 
from control +0.12 +0.08 +0 .24 


* pH = 6.0 at 70 minutes. 
t A zero value of 0.74 mg. is assumed. 


The reaction mixture contained 2.5 gm. of zymin, 1.0 cc. of 
toluene, the amine hydrochloride, and 25 cc. of a phosphate 
solution containing about 0.3 mg. of phosphorus per cc. 

The effect of aniline hydrochloride was investigated but hy- 
drolysis of the compound reduced the pH of the reaction mixture 
to 4.6, and an increase in phosphate was observed over the 90 
minute period. The flask with glucosylamine hydrochloride is 
compared with a control containing the amount of HCl nec- 
essary to bring the pH down to a comparable value of about 6. 
CH;NH;Cl had little effect on the pH of the medium, as is to be 
expected from the dissociation constant of CH;NH2. The NH,Cl 
reduced the pH only about 0.1 unit. These two compounds 
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are compared with the control to which pure water had been 
added. 

When glucosylamine hydrochloride was added without glucose, 
the phosphate gradually increased to about the extent to be ex- 
pected in autofermentation. This is taken to mean that the 
compound is not itself esterified by phosphate. The data show 
the efficacy of R in the R—NH;Cl compounds for reducing phos- 
phate concentration to be in the order CsH,,0; > H > CH;. This 
is the order of increasing dissociation constants of the correspond- 
ing amines, and also the order of the radicals in the “electron- 
sharing” series of Hixon and Johns (1927). 


DISCUSSION 


Of the electrolytes investigated, ammonium chloride and mag- 
nesium sulfate have the greatest effect upon the zymase enzyme 
complex. It has been found that these salts both increase CO, 
production by zymin to about the same extent in the normal 
fermentation. Moreover, it was found that when the salts are 
added together, there is little more increase in the rate of CO, 
evolution than when only one is present. This could be inter- 
preted to mean that the salts activate the enzymatic reactions 
similarly. However, there are three lines of evidence which indi- 
cate that the two salts play different réles. (1) MgSO, slightly 
increases the available inorganic phosphate during autofermen- 
tation of zymin, while NH,Cl slightly decreases it. (2) MgSO, 
is unable to bring about a lowered minimum inorganic phosphate 
content in a zymin fermentation mixture inactivated by ethanol, 
while NH,Cl markedly decreases this value. (3) MgSO, increases 
the lowered rate of CO, evolution from a zymin fermentation 
mixture inactivated by ethanol to about the same extent that 
it does in the normal fermentation, while NH,Cl increases the 
rate several times more in the presence of ethanol than it does in 
its absence. 

In the normal fermentation the two salts apparently have the 
same effect, but in the presence of ethanol NH,Cl has a much 
greater activating influence than MgSO,. Therefore the two 
salts must affect the zymase enzyme complex in somewhat differ- 
ent ways. Further work is necessary to explain fully the differ- 
ence between them. 


Stavely, Christensen, and Fulmer 801 


It has been demonstrated that NH,Cl decreases the time nec- 
essary for the inorganic phosphate content to reach a minimum 
value when the concentrations are such that no induction period 
occurs, and that NH;Cl, MgSO,, KCl, and NaCl bring this about 
when an induction period takes place. Moreover, the order of 
potency of the salts for decreasing the phosphate content agrees 
well with that for stimulating the rate of CO, production. Prac- 
tically the same order was observed for the efficacy of salts for 
shortening the induction period. All this evidence points to the 
possibility that salts activate the phosphate esterifying mecha- 
nism of zymase and hence decrease the time necessary to reach 
the reaction which liberates CO.. That is, addition of salts tends 
to increase hexosediphosphate concentration. Hexosediphos- 
phate is the most effective substance known for shortening the 
induction period. 

Salts are known to activate other enzymes. According to 
Haldane (1930) NaCl activates a group of amylases, and von 
Doby and Feher (1931) found that several salts stimulate in- 
vertase. No adequate explanation for salt activation has been 
given. It has been assumed by the investigators that the salt 
increases the effective concentration or specific surface of the 
enzyme, or that the salt combines with either the substrate or 
the enzyme to form a complex which undergoes the reaction 
more readily, or that the salt alters the chemical potential of 
the substrate and resultants. These points are being studied. 


SUMMARY 


1. The optimum pH for disappearance of inorganic phosphate 
from a zymin fermentation mixture is 6.2 to 6.4. This is in 
agreement with the value 6.4 reported by von Euler and Nord- 
lund (1921) for hexosephosphate synthesis by living yeast. 

2. Electrolytes markedly decrease the time which elapses be- 
fore the inorganic phosphate content of a zymin fermentation 
mixture reaches a minimum value. The potencies of the cations 
are in the order 


NH,* > 4Mgtt > Nat > K* > control > $Catt 


3. Ethanol in relatively low concentrations greatly increases 
the time necessary for esterification of inorganic phosphate in 
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a zymin fermentation mixture, and increases the minimum, steady 
state value of the inorganic phosphate content. Ethanol has 
very little effect on the phosphate content of a dried yeast fer- 
mentation mixture. These facts correlate with the effect of 
ethanol on carbon dioxide production by these two enzyme prep- 
arations. 

4. In the presence of ethanol, ammonium, potassium, and 
sodium chlorides decrease the minimum, steady state value of the 
inorganic phosphate content, while magnesium sulfate and cal- 
cium chloride are impotent in this respect. 

5. During autofermentation of zymin the inorganic phosphate 
content increases with time. Any concentration of ethanol up 
to 8 per cent has the same effect, causing a slight decrease in the 
phosphate content. NH,Cl also causes a slight decrease, and 
hence the stimulation of CO, production by this salt is not due 
to increasing the available phosphate. MgSO, and Na;AsQO, 
cause a slight increase in phosphate content. 

6. For several R—NH;Cl compounds the influence of the 
radicals R in decreasing the time which elapses before the inor- 
ganic phosphate content reaches a minimum value is in the order 
CsHi0; > H > CH;. This is the order of increasing dissociation 
constants of the corresponding amines, R—NHe. Glucosyl- 
amine hydrochloride is itself not esterified by phosphate. 
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In a previous report (1), one of the writers (I. M. R.) showed 
that, with proper attention to details, it is possible, with the 
method which was used, to estimate quantitatively as little as a 
few micrograms of copper in urine with a fairly high degree of 
accuracy. It was also shown that copper is a normal constituent 
of urine. In 50 adults, with no history of undue exposure to copper 
(occupation, therapy, etc.), the amounts found ranged between 
traces and 0.4 mg. per liter and between traces and 0.7 mg. per 24 
hours. Daily studies made on ten individuals showed that the 
daily variations of the urinary excretion of copper corresponded to 
those noted in the entire group. The above findings were con- 
firmed in another laboratory; in a study of seventeen persons, 
Tompsett (2) found copper excretions which ranged between 0.08 
and 0.48 mg. per liter. 

In view of the importance generally attached to copper in the 
metabolism of iron (formation of hemoglobin, etc.), and its wide- 
spread and increasing use in diseases of children, it was considered 
of more than academic interest to determine the normal urinary 
excretions of copper in children. In this paper are reported 50 
determinations of copper in the urine of boys whose ages ranged 
between 83 and 1734 years and who were normal except for non- 
inflammatory orthopedic conditions. All of the boys were on 
ordinary diets during the tests and received no copper other 
than that present in the food. The combined data are shown in 
Table I. | 

It will be observed that the copper content of the urine ranged 
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between 0.04 and 0.52 mg. per liter with an average of 0.3 mg., and 
between 0.026 and 0.62 mg. per day, with an average of 0.16 mg. 
The concentrations, therefore, agree very closely with those found 
in adults with the same technique. The average amount per day 
was, however, appreciably smaller. 


TABLE I 
Copper Content of Urine of Normal Children 

Urine No.| | | | | | 
yrs. mg. mg. yrs. mg. mg. 

1 124 0.46 0.27 26 8} 0.18 0.17 
2 124 0.25 0.24 27 83 0.36 0.39 
3 124 0.37 0.31 28 8} 0.22 0.21 
4 124 0.13 0.16 29 14} 0.40 0.40 
5 12} 0.44 0.20 30 14} 0.48 0.62 
6 124 0.41 0.39 31 144 0.27 0.26 
7 124 0.37 0.17 32 9 0.14 0.05 
8 123 0.31 0.24 33 9 0.31 0.14 
9 124 0.19 0.18 34 103 0.41 0.35 
10 124 0.39 0.30 35 103 0.47 0.28 
11 12 0.13 0.14 36 10? 0.37 0.25 
12 12 0.23 | 0.14 37 93 0.52 | 0.47 
13 12 0.16 0.19 38 93 0.40 0.31 
14 12 0.21 0.28 39 93 0.38 0.23 
15 12 0.33 0.40 40 93 0.35 0.34 
16 12 0.38 0.42 41 174 0.19 0.15 
17 12 0.30 0.35 42 13 0.45 0.31 
18 12 0.16 0.18 43 13 0.16 0.21 
19 12 0.11 0.11 44 13 0.37 0.26 
20 103 0.40 0.14 45 17 0.09 0.17 
21 13 0.31 0.22 46 17 0.40 0.33 
22 13 0.39 0.37 47 17 0.29 0.35 
23 13 0.11 0.08 48 9 0.33 0.22 
24 13 0.04 0.03 49 83 0.30 0.31 
25 13 0.37 0.34 50 8} 0.19 0.20 


SUMMARY 


Copper appears to be a constant constituent of urine of normal 
children. The amount found ranged between 0.04 and 0.52 mg. 
per liter, with an average of 0.3 mg., and between 0.026 and 0.62 
mg. per day, with an average of 0.16 mg. 
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Optical rotation (LEVENE 
and Harris) 735 
Methylose: d-Gulo-, crystalline, 
and derivatives (LEVENE and 


Compton) 335 
d-Xylo-, and derivatives 
(LEVENE and ComprTon) 

325 


Monohydric substrates: Tyrosi- 
nase action (GRAUBARD and 


NELSON) 757 
Muscle: Annelid (Kurtz and 
Luck) 577 
Inosinic acid (LEVENE and 
TIPsoNn) 313 


Myasthenia gravis: Liver argi- 


nase (MILHORAT) 379 
N 
Nucleotides: Ribose, synthesis 
(LEVENB and Tipson) 
313 


O 
Oat: Hulls, hemicellulose (ANDER- 


SON and Krznaricn) 549 
Oxidation: Dinitrocresol effect 
(KRAHL and CLowes) 355 


Oxygen: Blood, capacity and 
content, glutathione state, 
relation (OBERsT and Woops) 

1 
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Oxyhemoglobin: Light absorp- 
tion, concentration effect 
(Ray and Buarr) 371 


P 


Papain: /-Lysine peptides, effect 
(BERGMANN, ZERVAS, and 


Ross) 245 
Proteolytic systems (BErRG- 
MANN and Ross) 659 


Specificity (BERGMANN, ZER- 
vas, and FruTon) 225 
Parathyroid: Vitamin D relation 
(JONES) 155 
Pear: Coating, wax-like (MARK- 
LEY, HENDRICKS, and SANDO) 

133 

Peptides: /-Lysine, papain effect 
(BERGMANN, ZERVAS, and 
Ross) 245 

—, synthesis (BERGMANN, ZER- 
vas, and Ross) 245 


Phenol: a-Dinitro-, organ vita- 
min C, ascorbic acid admin- 
istration with, effect (Svir- 
BELY) 147 

Phosphate: Yeast zymin fermen- 
tatior, electrolytes and eth- 
anol effect (STAVELY, CHRIS- 
TENSEN, and FuLMER) 791 

Phospholipids: Fatty acids, satu- 
rated and unsaturated (S1n- 
CLAIR) 261 

Liver, fat metabolism relation 
(SINCLAIR) 515 
Tissue, elaidic acid, relation 
(SINCLAIR) 515 
—, fatty acids, unsaturated, 
selection and retention (S1n- 
CLAIR) 275 
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Phospho-12-tungstic acid: dl- 
Cystine precipitation (ToEN- 
NIES and 61 

l-Cystine precipitation (ToEN- 
NIES and ELuioTr) 61 
m-Cystine precipitation (TOEN- 
NIES and ELuioTr) 61 

Photometer: Photoelectric com- 
parison (Goupsmir and 
SUMMERSON) 421 

Propyl acids: Iso-, normal series, 
configurational relationship 


(LEVENE and MARKER) 
299 


Protein(s): Blood cells and plas- 
ma, in vilro, distribution 
(BELLIS and Scorr) 17 

Hydrolysates, toxic, selenium 
removal (PAINTER and 
FRANKE) 643 

Total, blood plasma and serum 
(LEHMAN and Scorrt) 43 


Yeast invertase activity, influ- 
ence (SAUL and NELSON) 


95 

Proteolysis: Enzymes (BERG- 
MANN, ZERVAS, and FruTon) 

225 

(BERGMANN, ZERVAS, and 
Ross) 245 


Systems, papain (BERGMANN 

and Ross) 659 

Pyridine hemochromogen: Car- 

bon monoxide absorption 

(CLIFCORN, MELOCHE, and 

LVEHJEM) 399 
Pyrus communis: See Pear 


Q 


Quinhydrone: Electrode, micro, 
aqueous humor hydrogen ion 


Index 


concentration determination, 
rachitic and normal rats 
(PIERCE) 501 


R 


Ribose: Nucleotides, synthesis 
(LEVENE and Trpson) 313 
Rickets: Aqueous humor hydro- 
gen ion concentration deter- 
mination, microquinhydrone 
electrode (PIERCE) 501 


Selenium: Protein hydrolysates, 
toxic, removal (PAINTER and 
FRANKE) 643 

Skeleton: Calcium, soft tissues 
and, distribution (BEssEy, 
KING, QUINN, and SHERMAN) 

115 

Sodium chloride: Amino acids, 
reaction (JOSEPH) 489 

Starch: Leaf, isolation and prop- 
erties (SPOEHR and MILNER) 

679 

Stearic acid: dl-a-Hydroxy-, oxi- 
dation, cerebronic acid chem- 
ical constitution, relationship 
(KLENK and Dirt) 749 
(LEvVENE and Yana)  75l 


Sugar: Determination, ferricya- 
nide electrode (SHAFFER and 
WILLIAMS) 707 


Sulfhydryl compounds: Insulin 


inactivation effect (ScHocK, 
JENSEN, and HELLERMAN) 
553 
Sulfhydryl group: Hypotrichosis, 
hereditary, trichogenic action 
(Martin and GARDNER) 
193 


Suprarenals: See Adrenals 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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Swine: Blood (EveLerH and 
EVELETH) 753 


T 


Taurine: Audownia spirabranchus 
(Kurtz and Luck) 577 
Thallous chloride: Amino acids, 
reaction (JOSEPH) 489 
Thiol acids: Methylglyoxal, com- 
bination (ScHUBERT) 671 
Thiol compounds: Mercuric chlo- 
ride reaction (SHINOHARA) 
435 
Thyroid: Organ vitamin C, ascor- 
bic acid administration with, 


effect (SvIRBELY) 147 
Tissues: Carbohydrates, deter- 
mination (BLATHERWICK, 
BRADSHAW, EwInaG, LARSON, 

and SAWYER) 537 
Phospholipids, elaidie acid, re- 
lation (SINCLAIR) 515 


—, fatty acids, unsaturated, 
selection and retention (S1Nn- 
CLAIR) 275 

Trichogenesis: Hypotrichosis, 
hereditary, sulfhydryl group 
action (MARTIN and GarRp- 
NER) 193 

Trypsin: Trypsinogen, enteroki- 
nase, system (Bares and 
Kocn) 197 


Trypsinogen: Determination 
(BaTes and Kocu) 197 


Tyrosinase: Mono- and dihydric 
substrates, action (GrRaAvu- 
BARD and NELSON) 757 

Tyrosine: dl-, oxidation, liver 
and kidney (BERNHEIM) 

217 
l-, oxidation, liver and kidney 
(BERNHEIM) 217 


V 


Vitamin: C, organs, ascorbic acid 
administration with thyroid, 
a-dinitrophenol, and cortical 
hormone’ extract, effect 
(SVIRBELY) 147 

—. See al o Ascorbic acid 
D, parathyroid activity, rela- 


tion (JONES) 155 

G, chick requirements (LEp- 

KOVSKY and JUKES) 119 
WwW 


Wax: Coating, pear (MARKLEY, 
HeENpRIcks, and SAnpo) 
133 
Wharton: Jelly, lipid (Boyp) 
667 


xX 


Xylomethylose: d-, and deriva- 
tives (LEVENE and CompTon) 
325 


Y 


Yeast: Invertase activity, protein 
influence (SAuL and NELSon) 
95 

Zymin, carbon dioxide produc- 
tion, electrolytes effect 
(STAVELY, CHRISTENSEN, and 
FULMER) 771 
—, — — -—, ethanol effect 
(STAVELY, CHRISTENSEN, and 
FULMER) 785 
—, fermentation, phosphate 
content, electrolytes and eth- 
anol effect (STAVELY, CHuRIs- 
TENSEN, and FuLMEeR) 791 


Z 
Zinc chloride: Amino acids, re- 
action (JOSEPH) 479 


| 
| 
| 
| 
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Zymin: Yeast, carbon dioxide 
production, electrolytes ef 
fect (STAVELY, CHRISTENSEN, 
and FuLMER) 771 

—, — — —, ethanol effect 
CHRISTENSEN, and 
FULMER) 785 


Index 


Zymin—continued: 


Yeast, fermentation, phos- 


phate content, electrolytes 
and ethanol effect (STAVELY, | 
CHRISTENSEN, and FuLMER) | 

791 


| 


